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1.0 OVERVIEW 
 
This technical memorandum serves as a data transmittal report for the environmental sampling conducted by 
Tetra Tech at the Riley Pass Abandoned Uranium Mine (Riley Pass) located in Harding County, South Dakota. Based 
on an initial review and evaluation of all of the waste characterization data at Riley Pass, it was concluded that 
additional sampling was warranted within certain areas of the following study areas: Bluff F, Bluff G, and Bluff I. 
The goal of this supplemental sampling was to obtain information of the soil concentrations of arsenic and radium-
226 (Ra-226) to be used in the final reclamation design for each of these study areas. The field sampling efforts 
involved x-ray fluorescence (XRF) field surveys and gamma radiation surveys. Soil confirmation samples were 
collected to supplement the XRF field surveys. The field work at Riley Pass was performed July 13, 2015 through 
July 16, 2015. There was a total of 593 in situ XRF measurements were collected between Bluff F, Bluff G, and Bluff 
I. Additionally, over 16,000 gamma exposure rate measurements were collected at Bluff F and Bluff I. 
 

2.0 METHODS 
 
This section presents the sampling methods for the XRF field survey and the gamma radiation survey performed 
at Riley Pass in July 2015. 
 
2.1 XRF Field Survey Methods 
 
An in situ XRF field survey (XRF field survey) was performed at Bluff G, Bluff F, and Bluff I following the same 
sampling methods used in the 2012 Tronox Bluff waste characterization field efforts and following the Tronox 
Bluffs Waste Characterization Sampling and Analysis Plan (Tetra Tech 2012). The XRF field survey was performed 
on a systematic square grid with a 10 meter x 10 meter spacing. Arsenic measurements were collected at the pre-
determined sampling locations using an XRF analyzer, specifically a Niton XRF Xl3t spectrum analyzer. This same 
analyzer was used in the development of the site-specific arsenic correlation (Tetra Tech 2013) that is currently 
being used for characterization and verification work at the site. Field engineers followed quality assurance and 
quality control (QA/QC) procedures for the XRF field survey and these methods and results are presented in 
Section 4.1 of this technical memorandum. 
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Following EPA Method 6200, soil confirmation samples were collected at a frequency of one soil sample per every 
20 in situ XRF measurements collected. The soil samples were submitted to ALS Laboratories in Fort Collins, 
Colorado and analyzed for total arsenic concentration using inductively coupled plasma-mass spectrometry (ICP-
MS). Geospatial coordinates of the XRF measurement locations were collected in the field using a Trimble Juno 
Series GPS and differentially corrected using GPS Pathfinder Office using the GLENDIVEWTMT2006 (P055), 
MONTANA (ITRF00 (1997)-Derived from IGS08 (NEW)) station. The differential correction results for the final 
measurement locations are provided in Attachment A.  
 
An XRF correlation study was performed by Tetra Tech in 2012 and the results are presented in the Tronox Bluffs 
Waste Characterization Report [WCR] (Tetra Tech 2013). A site-specific correlation was developed to estimate the 
ICP-MS based total arsenic concentrations in surface soils from the in-situ XRF field measurements. Equation 1 
below was used to convert the in-situ XRF field measurements to laboratory estimated concentrations for arsenic: 
 

Equation 1    [AsLab] = 10[0.352+0.891log10(As𝑋𝑅𝐹)] 
 
Where: 

 [𝑨𝒔𝒍𝒂𝒃] = Estimated laboratory total arsenic surface soil concentration (mg/kg) 

 [𝑨𝒔𝑿𝑹𝑭] = In-situ XRF total arsenic surface soil measurement (ppm) 

 
The results of the XRF field survey are presented in Section 3.1. A summary of the XRF field measurement sampling 
information is provided in Attachment A. A photographic log of the XRF soil confirmation sampling locations is 
presented in Attachment B. The final laboratory reports are presented in Attachment C. Scanned copies of the 
field logbook and associated field sampling sheets are provided in Attachment D. 
 
2.2 Gamma Survey Methods 
 
A gamma radiation survey was performed at Bluff F and Bluff I following the same procedures used in the 2012 
Tronox Bluff waste characterization field efforts and following the Tronox Bluffs Waste Characterization Sampling 
and Analysis Plan (Tetra Tech 2012). These same procedures were also followed in the 2008 Non-Tronox Bluffs 
characterization work (MSE, 2009) and in all subsequent verification surveys that have been conducted at the site. 
The gamma radiation survey was performed using GPS-based mobile gamma detection systems following a pre-
determined sampling grid with 5 meter transect widths, where terrain allowed. The radiation detection 
equipment used consisted of Ludlum model 44-10 2-inch x 2-inch Thallium-doped sodium-iodide [NaI(Tl)] gamma 
scintillators coupled to Ludlum 2350-1 data loggers. Gamma scanning speeds were consistently maintained at 1 
mile per hour (mph) and gamma exposure rate measurements were collected in microroentgen per hour (µR/hr) 
along with GPS measurements recorded at a frequency of one per second using proprietary software. Field 
engineers followed QA/QC procedures for the gamma radiation survey and these results are presented in Section 
4.2 of this technical memorandum. 
 
A soil Ra-226 correlation study was performed by Tetra Tech in 2012 and the results were presented in the WCR 
(Tetra Tech 2013). A model was developed that estimates the Ra-226 concentration in surface soils from gamma 
radiation survey data. Tetra Tech used the same radiation instrumentation that was used in the soil correlation 
study; therefore, the same gamma-Ra-226 cleanup values apply. A gamma exposure rate of 76.5 µR/hr 
corresponds to a 30 pCi/g Ra-226 soil concentration. The model used to estimate Ra-226 surface soil concentration 
from gamma exposure rate can be expressed as shown in Equation 2 (Tetra Tech 2013): 
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Equation 2   [226Ra] = 10[−1.979+1.835log10(Gamma)] 
 
Where: 
 [226Ra] = Estimated Ra-226 concentration (pCi/g) 

[Gamma] = Measured gamma exposure rate (µR/hr 
 

3.0 RESULTS 
 
This section presents the results of the XRF field surveys and the gamma radiation surveys conducted at Riley Pass 
in July 2015. The QA/QC methods and results are summarized in Section 4.0. 
 
3.1 XRF Field Survey Results 
 
The XRF field survey was performed between July 13, 2015 and July 16, 2015 following the methods outlined in 
Section 2.0. A total of 593 in situ XRF arsenic measurements were collected from Bluff F, Bluff G, and Bluff I on a 
systematic 10 meter by 10 meter square sampling grid. The in situ XRF measurements (ppm) were converted into 
laboratory equivalent total arsenic concentrations (mg/kg) using Equation 1. A total of 106 of the arsenic 
measurements exceeded the cutoff of 142 mg/kg between all of the study areas. Table 1 provides the summary 
statistics of the arsenic measurements from the three study areas. Soil confirmation samples were collected at a 
minimum frequency of one soil sample for every 20 in situ XRF measurements. For 593 in situ measurements a 
minimum of 30 soil samples are required to maintain this sampling frequency. A total of 31 soil confirmation 
samples were collected during the 2015 sample efforts. Section 3.3 provides an analysis of the decision error and 
data validation of the soil confirmation samples.  
 

Table 1 Summary Statistics of Arsenic Measurements Collected at Bluff F, Bluff G, and Bluff I 
 

Summary Statistic 
Study Area 

Bluff F Bluff G Bluff I All 

Number of Arsenic Measurements 181 171 241 593 

Minimum (mg/kg) 7.94 24.4 12.7 7.9 

Maximum (mg/kg) 704 1727 780 1727 

Standard Deviation (mg/kg) 79.9 174 73.1 120 

Median (mg/kg) 59.6 114 44.7 68.3 

90th Percentile (mg/kg) 155 286 121 194 

95th Percentile (mg/kg) 245 355 181 280 

Arsenic Cleanup Value from 2013 WCR 142 mg/kg 
Points Exceeding Cleanup Value 23 65 18 106 

 
 
Figure 1 provides a map showing the arsenic soil concentrations at Bluff F. Figure 2 provides a map showing the 
arsenic soil concentrations at Bluff G. Figure 3 provides a map showing the arsenic soil concentrations at Bluff I. 
Summary tables providing the geographic locations and sampling information for all of the measurements 
collected are provided in Attachment A.  
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3.2 Gamma Survey Results 
 
The gamma radiation survey was performed July 13, 2015 through July 16, 2015, following the methods outlined 
in Section 2.0. A total of 16,178 gamma exposure rate measurements were collected from Bluff F and Bluff I on a 
systematic 5 meter wide transect where possible (i.e. in some areas terrain prevented this level of coverage). 
Table 2 provides the summary statistics of the gamma radiation survey at the two study areas. No gamma survey 
was performed at Bluff G because there was already sufficient coverage of the study area. 
 

Table 2 Summary Statistics of Gamma Exposure Rates Collected at Bluff F and Bluff I 
 

Summary Statistic 
Study Area 

Bluff F Bluff I All 

Number of Gamma Measurements 1,645 14,533 16,178 

Minimum (µR/hr) 18.1 12.4 12.4 

Maximum (µR/hr) 59.6 282 282 

Standard Deviation (µR/hr) 7.83 18.4 17.6 

Median (µR/hr) 26.2 29.0 28.5 

90th Percentile (µR/hr) 40.8 52.6 51.9 

95th Percentile (µR/hr) 46.6 63.0 60.7 

 
 
The gamma exposure rate measurements were converted into laboratory equivalent Ra-226 soil concentrations 
(pCi/g) using Equation 2. A total of 431 of the gamma data points exceeded the cutoff of 76.5 µR/hr (30 pCi/g). 
Table 3 provides the summary statistics of the gamma values converted to Ra-226 soil concentrations. Figure 4 
and Figure 5 provide the Ra-226 soil concentration maps for Bluff F and Bluff I, respectively. 
 

Table 3 Summary Statistics of Radium-226 Collected at Bluff F and Bluff I 
 

Summary Statistic 
Study Area 

Bluff F Bluff I All 

Number of Radium-226 Measurements 1,645 14,533 16,178 

Minimum (pCi/g) 2.12 1.07 1.07 

Maximum (pCi/g) 19.0 329 329 

Standard Deviation (pCi/g) 2.95 11.1 10.6 

Median (pCi/g) 4.20 5.05 4.91 

90th Percentile (pCi/g) 9.47 15.1 14.7 

95th Percentile (pCi/g) 12.1 21.0 19.7 

Radium-226 Cleanup Value from 2013 WCR 30 pCi/g 
Points Exceeding Cleanup Value 0 431 431 

 
 
  



V:\T-Z\Tetra Tech Division\114-560486 - 2015 Riley Pass\120-GIS\MXD\2015 Sampling Figures\BLuff_F_Gamma_Radium_Map_NAD83.mxd   August, 2015: aaron.orechwa

0 25 50

FEET

A U G U S T  2 0 1 51 1 4 - 5 6 0 4 8 6 A
F i g u r e  4

B L U F F  F  2 0 1 5  G A M M A  S U R V E Y  
R A - 2 2 6  C O N C E N T R A T I O N  M A P

H A R D I N G  C O U N T Y,  S D
Project no.: Date:

Location: Figure:

Title:

NAD_1983_STATEPLANE
SOUTH_DAKOTA
NORTH_FIPS_4001_FEET

Prepared by:Prepared for:

3801 Automation Way Suite 100
Fort Collins, Colorado 80525

(970)223-9600 (970)223-7171 fax

Bluff F Boundary
Reclaimed Areas

Note: The in gamma exposure rate measurements were
converted to laboratory radium-226 concentrations 
using Equation 2 in the technical memo.

Radium-226 Soil Concentration (pCi/g)
30 - 50< 30 ≥ 50



V:\T-Z\Tetra Tech Division\114-560486 - 2015 Riley Pass\120-GIS\MXD\2015 Sampling Figures\Bluff_I_XRF_Radium_Map_NAD83.mxd   August, 2015: aaron.orechwa

0 50 100

FEET

A U G U S T  2 0 1 51 1 4 - 5 6 0 4 8 6 A
F i g u r e  5

B L U F F  I  2 0 1 5  G A M M A  S U R V E Y  
R A - 2 2 6  C O N C E N T R A T I O N  M A P

H A R D I N G  C O U N T Y,  S D
Project no.: Date:

Location: Figure:

Title:

NAD_1983_STATEPLANE
SOUTH_DAKOTA
NORTH_FIPS_4001_FEET

3801 Automation Way Suite 100
Fort Collins, Colorado 80525

(970)223-9600 (970)223-7171 fax

Prepared by:Prepared for:

Radium-226 Soil Concentration (pCi/g)
30 - 50< 30 ≥ 50

Bluff I Boundary
Reclaimed Areas

Note: The in gamma exposure rate measurements were
converted to laboratory radium-226 concentrations 
using Equation 2 in the technical memo.



Riley Pass 2015 Supplemental Sampling Memo 

August 24, 2015 

 TETRA TECH 10 

3.3 Data Validation 
 
Following recommendations from the WCR (Tetra Tech 2013) the same model of XRF analyzer (Niton XRF Xl3t 
spectrum analyzer) was used for the July 2015 sampling efforts at Bluff F, Bluff G, and Bluff I. Per EPA Method 
6200, soil confirmation samples were collected at 31 in situ XRF measurement locations and submitted for 
laboratory analysis of arsenic by ICP-MS. Table 4 summarizes the in situ XRF arsenic and laboratory reported 
arsenic concentrations collected within the three study areas. 
 

Table 4 Summary Statistics of Radium-226 Collected at Bluff F and Bluff I 
 

ID Study Area 
In situ XRF 

Arsenic (ppm) 
Arsenic by ICP-

MS (mg/kg) 

FC-8 Bluff F 107 150 

FF-8 Bluff F 39 140 

FI-10 Bluff F 98 160 

FJ-3 Bluff F 77 180 

FK-4 Bluff F 126 230 

FK-9 Bluff F 34 66 

FL-15 Bluff F 45 62 

FN-13 Bluff F 106 200 

FP-8 Bluff F 20 100 

GA-11 Bluff G 59 82 

GC-9 Bluff G 149 180 

GD-3 Bluff G 143 240 

GE-6 Bluff G 101 140 

GI-1 Bluff G 98 210 

GI-6 Bluff G 1,731 1,200 

GM-1 Bluff G 45 62 

GM-4 Bluff G 188 600 

GO-14 Bluff G 145 150 

GR-10 Bluff G 270 300 

IAA-16 Bluff I 26 17 

IE-12 Bluff I 35 51 

IF-8 Bluff I 353 410 

IG-6 Bluff I 43 92 

IH-10 Bluff I 50 40 

IO-12 Bluff I 142 150 

IP-2 Bluff I 44 53 

IQ-9 Bluff I 39 43 

IR-4 Bluff I 15 13 

IS-6 Bluff I 38 45 

IV-9 Bluff I 24 23 

IX-13 Bluff I 32 41 

 
 
A quantitative graphical analysis was performed comparing the ICP-MS laboratory reported arsenic 
concentrations and in-situ XRF data for the samples collected at Bluff F, Bluff G, and Bluff I. These data pairs were 
plotted on the existing logarithmic regression model (Equation 1) with the 95 percent prediction limits. Figure 6 
shows the data pairs collected during the 2015 sample efforts. All of the values fall within the 95 percent prediction 
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limits of the correlation and there is general agreement between the in situ XRF measurements and the laboratory 
reported ICP-MS arsenic concentrations with the site-specific model provided in Equation 1. 
 

 
Figure 6 In Situ XRF Arsenic vs. Laboratory Reported ICP-MS Arsenic 

 
 
An evaluation of decision error rates was performed to assess the effectiveness of the XRF instrument in decision 
making at the site. There are two types of decisions “true” and “false”. A decision error can either be a “false 
positive” or a “false negative”. A false positive decision error is where the XRF reading indicates the sample is 
below the action level but the laboratory reported ICP-MS concentration is above the action level. Similarly, a 
false negative decision error is where the XRF reading indicates the sample is above the action level and the 
laboratory reported ICP-MS concentration is below the action level. An analysis of the 31 data pairs was performed 
to assess the decision error rates from the 2015 XRF field survey.  
 
Figure 7 provides a graph showing the decision error rates, the upper left box is the false positive box and any 
data pairs falling in this category are flagged as having a false positive decision error. Similarly, any data pairs 
falling within the lower right hand box are qualified as having a false negative error. The decision error rate analysis 
showed that two samples had false positive decision errors, see the red data points on Figure 7. The false positive 
decision error rate is 6.4 percent. The project goal is less than 10 percent for false decisions error rates. The false 
negative decision error is zero percent. 
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Figure 7 Arsenic Action Level Decision Error Rate Analysis 

 
 
Overall, the XRF field survey results indicate that the 2013 correlation is efficient in reducing decision error rates 
and for estimating soil arsenic concentrations using an XRF analyzer at the Riley Pass site. The final laboratory 
reports are provided in Attachment C. 
 

4.0 QUALITY ASSURANCE AND QUALITY CONTROL 
 
4.1 XRF QA/QC Methods and Results 
 
Generally, instrument precision is the least significant source of error in XRF analysis, and the operator-or 
application-related error is generally more significant and varies with each site and method used (EPA 2007). Some 
sources of interference can be minimized or controlled by the instrument operator, but others cannot. The 
methods and QA/QC program performed during the XRF field survey was designed to reduce operator- or 
application-error whenever possible based on the recommendations from EPA Method 6200 and from the Niton 
User’s Manual. Three separate XRF analyzers of the same type were utilized for this field work. Specific QA/QC 
protocol was performed for each of these instruments which included energy calibration checks, daily calibration 
checks on NIST standards and method blanks, XRF field duplicates, and precision measurements. Additionally, all 
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of the instruments used during the survey were calibrated within the specified manufacture recommended time 
frame. 
 
4.1.1 Energy Calibration Checks 
 
Energy calibration checks were be performed once daily by field engineers before any measurements were 
initiated. All of the energy calibration checks fell within the manufacture accepted limits. 
 
4.1.2 Daily Calibration Checks 
 
Calibration checks were performed by field engineers before or after the XRF field survey was conducted each 
day. The daily calibration checks included method blanks and calibration verification checks. Field engineers 
logged the daily calibration checks for each instrument on field sheets. Scanned copies of these field sheets are 
included in Attachment D. All of the calibration checks met the project QC acceptance criteria. 
 
4.1.3 XRF Field Replicate Samples 
 
One XRF replicate sample was collected for every 20 in situ XRF measurements collected in the field. With the 
exception of two replicates, the replicate sample was collected at the same location where soil confirmation 
samples were collected. The same method for measuring the primary XRF measurement was used to measure the 
XRF replicate measurement. The project acceptance criterion for field duplicates is the relative percent difference 
(RPD) between the primary result and the duplicate result will be no greater than 50 percent. The equation for 
calculating the RPD for XRF field duplicates is as follows: 
 

𝑅𝑃𝐷 =
|𝑆 − 𝐷|

(𝑆 + 𝐷)
2

× 100 

Where: 
 

RPD = relative percent difference, non-detects are excluded  
𝑆 = arsenic concentration of primary XRF measurement 
𝐷 = arsenic concentration of duplicate XRF measurement 

 
Table 5 and Table 6 provide the QC results and replicate sample IDs collected during the 2015 XRF field survey. A 
total of 32 replicate XRF measurements were collected during the XRF field survey. The RPD was calculated 
between the replicate and primary XRF measurement data pairs. The RPD ranged from between 0 percent to 27.2 
percent with an average RPD of 9.6 percent. The XRF replicate QC analysis shows that the project QC acceptance 
criteria was achieved for all of the replicate measurements.  
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Table 5 XRF Replicate Quality Control Results (1 through 16) 
 

QC Set 
Sample 

Location 
XRF S/N 

In Situ XRF 
Measurement 

(ppm) 
RPD 

1 XRF-FP8 31177 
20.1 

22.7% 
25.2 

2 XRF-FN13 31177 
106 

3.1% 
103 

3 XRF-FL15 31177 
45.2 

0.2% 
45.3 

4 XRF-FK4 31177 
126 

7.1% 
118 

5 XRF-FK9 31177 
34.0 

12.5% 
38.5 

6 XRF-FJ3 31177 
76.7 

10.4% 
69.2 

7 XRF-FI10 31177 
97.6 

8.5% 
89.7 

8 XRF-FF8 31177 
38.8 

27.2% 
29.5 

9 XRF-FC8 31177 
107 

9.2% 
97.6 

10 XRF-GM4 31177 
188 

6.8% 
176 

11 XRF-GM1 31177 
44.5 

3.2% 
43.1 

12 XRF-GI1 31177 
98.3 

10.3% 
109 

13 XRF-GI6 31177 
1,731 

4.1% 
1,803 

14 XRF-IAA16 31177 
25.5 

8.2% 
27.7 

15 XRF-IX13 31177 
32.0 

4.2% 
30.7 

16 XRF-IV9 31177 
23.6 

4.1% 
22.7 
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Table 6 XRF Replicate Quality Control Results (17 through 32) 
 

QC Set 
Sample 

Location 
XRF S/N 

In Situ XRF 
Measurement 

(ppm) 
RPD 

17 XRF-IS6 31177 
38.2 

18.2% 
45.9 

18 XRF-IR4 31177 
14.6 

12.9% 
16.6 

19 XRF-IQ9 31177 
38.6 

15.1% 
33.2 

20 XRF-IP2 31177 
44.1 

21.2% 
54.6 

21 XRF-IO12 31177 
142 

9.4% 
156 

22 XRF-IH10 31177 
50.0 

23.6% 
39.4 

23 XRF-IG6 31177 
43.3 

15.0% 
50.3 

24 XRF-IF8 31177 
353 

3.4% 
341 

25 XRF-IE12 31177 
35.2 

2.0% 
35.9 

26 XRF-GQ10 84208 
308 

8.9% 
282 

27 XRF-GP14 84208 
72.2 

2.2% 
70.6 

28 XRF-GO14 84208 
145 

11.1% 
162 

29 XRF-GA11 31094 
58.7 

12.7% 
51.7 

30 XRF-GC9 31094 
149 

5.3% 
141 

31 XRF-GD3 31094 
143 

4.0% 
149 

32 XRF-GE6 31094 
101 

0.0% 
101 
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4.1.4 XRF Precision Analysis 
 
A precision measurement was performed at a minimum of once per day for each instrument in use, which involves 
measurement of one sample location a minimum of seven times in replicate. The project QC acceptance criterion 
for precision measurement is that the relative standard deviation (RSD) must be less than 20 percent. Each 
precision sample included a minimum of seven measurements in replicate conducted in the field. The RSD of the 
sample mean is used to assess method precision. The RSD should not be greater than 20 percent for XRF data to 
be considered adequately precise. Only in situ measurements were collected for this sampling event. The equation 
for calculating RSD is as follows: 
 

𝑅𝑆𝐷 =
𝜎

𝜇
× 100 

Where: 
 

RSD = relative standard deviation for the precision measurement for the analyte (arsenic) 
𝜎 = standard deviation of the concentration for the analyte (arsenic) 
𝜇 = mean concentration for the analyte (arsenic) 

 
Three XRF analyzers were used for this project; however, two of the instruments (S/N# 84208 & S/N# 31094) were 
used only one day each and the third instrument was used all four days. Precision measurements were collected 
once per day for each instrument. All precision measurements involved a minimum of a 60 second shutter time. 
The precision error measurements for each instrument and the RSD calculations are provided in Table 7 through 
Table 12. The RSD measurement results ranged from between 3.29 percent to 7.79 percent. The XRF precision 
error QC analysis for the 2015 sampling meets the project QC acceptance criteria of an RSD less than 20 percent. 
 

Table 7 XRF S/N# 84208 Precision Measurement Quality Control Results (1 of 1) 
 

Date Location 
In Situ XRF 

Measurement 
(ppm) 

7/14/2015 XRF-GP14 

72.2 

70.6 

65.6 

68.4 

66.2 

67.4 

64.1 

RSD 
Calculation 

Standard Deviation, σ 2.84 

Mean Concentration, μ 67.8 

RSD 4.19% 
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Table 8 XRF S/N# 31094 Precision Measurement Quality Control Results (1 of 1) 
 

Date Location 
In Situ XRF 

Measurement 
(ppm) 

7/14/2015 XRF-GD3 

143 

149 

158 

149 

146 

150 

154 

RSD 
Calculation 

Standard Deviation, σ 4.9 

Mean Concentration, μ 150 

RSD 3.29% 

 
 

Table 9 XRF S/N# 31177 Precision Measurement Quality Control Results (1 of 4) 
 

Date Location 
In Situ XRF 

Measurement 
(ppm) 

7/13/2015 XRF-FN13 

106 

103 

107 

100 

97 

99 

101 

RSD 
Calculation 

Standard Deviation, σ 3.7 

Mean Concentration, μ 102 

RSD 3.60% 
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Table 10 XRF S/N# 31177 Precision Measurement Quality Control Results (2 of 4) 
 

Date Location 
In Situ XRF 

Measurement 
(ppm) 

7/14/2015 XRF-GM1 

45 

43 

42 

39 

38 

47 

40 

RSD 
Calculation 

Standard Deviation, σ 3.3 

Mean Concentration, μ 42 

RSD 7.73% 

 
 

Table 11 XRF S/N# 31177 Precision Measurement Quality Control Results (3 of 4) 
 

Date Location 
In Situ XRF 

Measurement 
(ppm) 

7/15/2015 XRF-IV9 

24 

23 

21 

24 

26 

21 

25 

RSD 
Calculation 

Standard Deviation, σ 1.7 

Mean Concentration, μ 23 

RSD 7.42% 
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Table 12 XRF S/N# 31177 Precision Measurement Quality Control Results (4 of 4) 
 

Date Location 
In Situ XRF 

Measurement 
(ppm) 

7/16/2015 XRF-IF8 

353 

341 

360 

361 

340 

338 

294 

RSD 
Calculation 

Standard Deviation, σ 22.8 

Mean Concentration, μ 341 

RSD 6.69% 

 
 
4.2 Gamma Radiation Survey QA/QC Methods and Results 
 
This section presents the QA/QC methods and results for the gamma radiation survey that was performed by Tetra 
Tech in July 2015.  
 
4.2.1 Gamma Radiation Survey Quality Assurance Methods 
 
An important QA protocol includes instrument calibration. Calibration refers to the determination and adjustment 
of the instrument response in a particular radiation field of known intensity (NRC 2000). All of the radiation 
detection equipment employed during the field work was factory calibrated within the past 12 months. Data 
developed using any of the field-qualified instruments are then interchangeable, allowing instruments to be 
substituted if needed. Under the QA program, factory-calibrated instruments must also meet on-site field test 
criteria in the next subsection. Attachment E provides scanned copies of the factory calibration documentation 
for the two instruments that were used (MFG-6 and MFG-12). 
 
4.2.2 Gamma Radiation Survey Quality Control Methods 
 
The primary method for the gamma radiation survey QC program is the evaluation performance of calibration 
checks. Calibration checks are measurements to verify instrument performance repeated each time an instrument 
is used (NRC 2000); these checks are quantitative and were performed in the lab and in the field. The QC 
calibration checks that were performed as part of the gamma radiation survey included: 
 

 Daily Calibration Checks: Background check, field strip check, and cesium-137 (Cs-137) source check 
measurements were conducted twice daily for the instruments that were used in the field. These 
measurements were collected in Bowman, North Dakota at a designated background location selected by 
the lead field engineer.  
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 Pre-survey and Post-survey Calibration Checks: Pre-survey and post-survey background and check source 
QC measurements were performed in the Tetra Tech office in Fort Collins, Colorado before and within 
one week after the conclusion of the gamma survey. 

 
The following subsections present the results of both of these QC procedures that were followed as part of 
the July 2015 gamma radiation surveys. 
 

4.2.2.1 Daily Calibration Checks 
 
Each day before the gamma radiation survey, instrument comparison QC measurements were collected for all NaI 
detectors used to survey the site. These QC calibration checks included background checks, field strip checks, and 
Cs-137 source checks. These measurements were collected twice daily – before the gamma survey was initiated 
and at the conclusion of the survey for the day. Descriptions of each daily QC measurement procedure are as 
follows: 
 

1. Background check measurements were collected at a designated location in Bowman, North Dakota 
consistent with the background gamma radiation for the site. A minimum of 10 background 
measurements were collected during each QC check.  
 

2. Field strip check measurements were collected by scanning in a 10 meter line outward from the 
background measurement location. A minimum of 10 measurements were collected along the field strip 
check transect. The daily field strip check provides an indication of total measurement uncertainty from 
turbulent movement for each mobile system being used in the field. The same field strip was used 
throughout the project. 

 
3. Source check measurements were collected at the same location as the background check measurement 

location by holding a Cs-137 source to the detector and performing a 60-second average analysis using 
the scanning software. 

 
Calibration check results were plotted daily on control charts for field measurements. A control chart is a graphical 
plot of measurement results with respect to time and help monitor performance of the radiation detection 
instrumentation (NRC 2000). Figure 8 provides a control chart of the daily background calibration checks. Figure 
9 provides a control chart of the daily background field strip calibration checks. Figure 10 provides a control chart 
of the daily Cs-137 source calibration checks. 
 
For normally distributed data, 99 percent of all measurements are expected to fall within ±3 standard 
deviations from the mean. Daily count rate variations within these limits are functions of several possible 
variables, including exact placement of detector systems during daily checks, and recent variations in 
barometric pressure. Low detector count rates at very low background gamma exposure rates contribute 
significantly to variability in count rates. Differences in detector internal characteristics, including minor issues 
with the NaI detector crystal or optical interface variations in the photomultiplier tube, can also affect NaI 
detector readings. All of the daily calibration check readings collected during the gamma radiation survey met 
the project QC acceptance criteria. 
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Figure 8 Daily Calibration Check Quality Control Chart – Background 
 

 
 

Figure 9 Daily Calibration Check Quality Control Chart – Field Strip 
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Figure 10 Daily Calibration Check Quality Control Chart – Cs-137 Source Check 
 
 
4.2.2.2 Pre-Survey and Post-Survey Calibration Checks 
 
Pre-survey and post-survey QC calibration check procedures were performed at an indoor location for each NaI 
detector that was used during the gamma radiation survey. The data collected during the pre-survey and post-
survey was analyzed and compared with each other. A minimum of 1,000 background and Cs-137 source check 
measurements were collected during the pre-survey and the post-surveys. The purpose of the QC procedure is to 
quantify the consistency of gamma exposure readings between detectors over time. The results from the pre-
survey and post-survey calibration checks were analyzed and compared with each other. The pre-survey and post-
survey QC measurements were performed at the Tetra Tech radiation laboratory in Fort Collins, Colorado. The 
pre-survey measurements were performed in April 2015 and the post-survey measurements were performed in 
July 2015. 
 
Table 13 and Table 14 present the results of the background pre-survey and post-survey background checks for 
the two detectors used. Table 15 and Table 16 present the results of the Cs-137 source pre-survey and post-survey 
background checks for the two detectors used. The RPD of the statistical parameters was calculated following the 
following equation: 
 

𝑅𝑃𝐷(%) =
|𝑃𝑅𝐸 − 𝑃𝑂𝑆𝑇|

(𝑃𝑅𝐸 + 𝑃𝑂𝑆𝑇)
2

× 100 

where: 
RPD = Relative percent difference 
PRE = Pre-survey QC measurement (mean, median, standard deviation, or 95th percentile) 
POST = Post-survey QC measurement (mean, median, standard deviation, or 95th percentile) 
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All of the data met the project QC acceptance criteria with an RPD of less than 10 percent for all of the statistical 
parameters. Figure 11 and Figure 13 present frequency histograms of the pre-survey and post-survey calibration 
check data for background and Cs-137 source checks, respectively. Figure 12 and Figure 14 present the pre-survey 
and post-survey calibration check data plotted on normal probability plots for background and Cs-137 source 
checks, respectively. All of the pre-survey and post-survey data are normally distributed and meet the project QC 
acceptance criteria. 
 

Table 13 Instrument MFG-12 Pre-Survey and Post-Survey Background Check 
 

Survey: Pre-Survey Post-Survey 

Relative Percent Difference Date: Apr-15 Jul-15 

Detector ID: MFG-12 MFG-12 

# of Readings 1,206 1,470 - 

Mean 16.2 16.5 2.0% 

Median 16.2 16.5 1.9% 

Standard Deviation 0.84 0.88 5.1% 

95th Percentile 17.6 18.0 2.4% 

99th Percentile 18.3 18.8 2.7% 

 
 

Table 14 Instrument MFG-6 Pre-Survey and Post-Survey Background Check 
 

Survey: Pre-Survey Post-Survey 

Relative Percent Difference Date: Apr-15 Jul-15 

Detector ID: MFG-6 MFG-6 

# of Readings 3,114 1,002 - 

Mean 15.8 16.1 2.0% 

Median 15.8 16.1 2.0% 

Standard Deviation 0.82 0.85 3.6% 

95th Percentile 17.2 17.5 2.1% 

99th Percentile 17.7 18.1 2.1% 
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Figure 11 Frequency Histograms for Pre-Survey and Post-Survey Gamma Background Measurements 
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Figure 12 Normal Probability Plots for Pre-Survey and Post-Survey Instrument Background Measurements 
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Table 15 Instrument MFG-12 Pre-Survey and Post-Survey Cs-137 Source Check 
 

Survey: Pre-Survey Post-Survey 

Relative Percent Difference Date: Apr-15 Jul-15 

Detector ID: MFG-12 MFG-12 

# of Readings 1,383 1,009 - 

Mean 216 216 0.3% 

Median 216 216 0.3% 

Standard Deviation 3.19 3.02 5.6% 

95th Percentile 222 220 0.6% 

99th Percentile 224 223 0.4% 

 
 

Table 16 Instrument MFG-6 Pre-Survey and Post-Survey Cs-137 Source Check 
 

Survey: Pre-Survey Post-Survey 

Relative Percent Difference Date: Apr-15 Jul-15 

Detector ID: MFG-6 MFG-6 

# of Readings 1,476 1,011 n/a 

Mean 167 166 1.55% 

Median 167 166 1.72% 

Standard Deviation 2.74 2.66 5.26% 

95th Percentile 172 170 0.93% 

99th Percentile 174 172 0.72% 
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Figure 13 Frequency Histograms for Pre-Survey and Post-Survey Gamma Cs-137 Source Check Measurements 
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Figure 14 Normal Probability Plots for Pre-Survey and Post-Survey Instrument Cs-137 Source Measurements 
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4.3 Soil Confirmation Sampling QA/QC Methods and Results 
 
Soil confirmation samples were collected during the 2015 sampling at Riley Pass. Two field duplicates and 31 
primary samples were collected. A copy of the final laboratory report including the laboratory QC report is 
provided in Attachment C. No issues were found with the laboratory QC report. However, some of the initial 
measurements were redigested and reanalyzed for questionable results and a second laboratory report was 
generated that had similar results. The data from the second laboratory report was used for the data validation 
in Section 3.3, both of these laboratory reports are presented in Attachment C.  
 
A data quality assessment was performed by Tetra Tech which included a quantitative evaluation of precision 
between the two primary and field duplicate sample data pairs. Precision can be defined by the amount of scatter 
or variance that occurs in repeated measurements of a particular analyte. The equation for precision acceptance 
and rejection for this project is based on the RPD between the primary and field duplicate samples. The RPD was 
calculated using the equation presented in Section 4.1.3. 
 
Table 17 provides the QC results for the soil confirmation primary and field duplicate data sets. The RPD was 6.45 
percent and 4.44 percent. The RPD results meet the project QC acceptance criteria of less than 30 percent; 
therefore, no data was flagged with qualifiers. 
 

Table 17 Soil Confirmation Sample Quality Control Results 
 

QC Set Sample ID 
Lab Sample 

Number 
Sample Date 

ICP-MS 
Arsenic 
(mg/kg) 

RPD (%) 

1 
XRF-FI10-01 1507352-7 7/13/2015 160 

6.45% 
XRF-FI10-02 1507352-8 7/13/2015 150 

2 
XRF-IV9-01 1507352-23 7/13/2015 23 

4.44% 
XRF-IV9-02 1507352-24 7/13/2015 22 

 
 

5.0 SUMMARY 
 
XRF field surveys and gamma radiation surveys were performed by Tetra Tech field engineers in July 2015 at the 
Riley Pass study areas: Bluff F, Bluff G, and Bluff I. A total of 593 in situ XRF measurements and 31 soil confirmation 
samples were collected as part of the XRF field survey field efforts. Additionally, over 16,000 gamma exposure 
rate measurements were collected at Bluff F and Bluff I. A data validation analysis was performed on the XRF soil 
confirmation samples to compare the data pairs collected in July 2015 with the soil correlation established in the 
2013 WCR. Overall, there was agreement with the existing site specific arsenic correlation. A detailed QA/QC 
program was followed for both the XRF field survey and the gamma radiation surveys. The results of the QC 
program indicated the program was successful and all the data met the project QC acceptance criteria. Tetra Tech 
has incorporated the information collected during the 2015 field sampling efforts into the project database and 
the Waste Evaluation Report status updates maps. 
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Table A - Bluff F XRF Field Measurements Sampling Information 
 

Sample 
ID 

Sample 
Date 

Sample 
Time 

XRF 
Serial 

Number 

In Situ XRF 
Measurement 

(ppm) 

Converted 
Total 

Arsenic 
(mg/kg) 

Northing 
(Feet) 

Easting (feet) 
Horizontal 
Precision 

(feet) 

FA-2 7/14/2015 11:43:19am 31177 25.8 40.7 748015.82998 1085414.21845 2.0 

FA-3 7/14/2015 11:45:13am 31177 72.0 101.6 747970.21613 1085426.08319 1.6 

FB-2 7/14/2015 11:40:52am 31177 6.8 12.4 748010.96969 1085454.14923 1.7 

FB-3 7/14/2015 11:38:46am 31177 6.5 12.0 747977.39592 1085445.90228 1.9 

FB-4 7/14/2015 11:36:34am 31177 41.8 62.6 747947.86838 1085446.41307 1.6 

FC-2 7/14/2015 11:14:20am 31177 23.5 37.4 748013.25809 1085483.58065 1.6 

FC-3 7/14/2015 11:16:25am 31177 19.8 32.1 747968.27434 1085472.95825 1.8 

FC-4 7/14/2015 11:18:37am 31177 49.1 72.2 747924.39480 1085479.92330 2.1 

FC-5 7/14/2015 11:20:03am 31177 26.1 41.2 747914.70234 1085471.77999 1.7 

FC-6 7/14/2015 11:23:51am 31177 115.3 154.6 747853.03779 1085495.56578 1.7 

FC-7 7/14/2015 11:25:42am 31177 57.4 83.0 747834.22595 1085479.54884 1.7 

FC-8 7/14/2015 11:28:47am 31177 107.1 144.7 747805.91721 1085468.26984 1.5 

FC-9 7/14/2015 11:33:18am 31177 61.3 88.0 747770.97563 1085481.41856 1.8 

FD-1 7/14/2015 11:11:06am 31177 15.5 25.8 748046.46590 1085513.66434 1.7 

FD-2 7/14/2015 11:06:46am 31177 38.7 58.4 748011.37459 1085509.28283 1.7 

FD-3 7/14/2015 11:00:25am 31177 50.0 73.5 747974.14553 1085505.16285 1.8 

FD-4 7/14/2015 10:58:30am 31177 12.6 21.4 747939.66731 1085515.92957 1.9 

FD-5 7/14/2015 10:55:37am 31177 26.5 41.7 747910.45081 1085500.58965 1.8 

FD-6 7/14/2015 10:53:07am 31177 32.7 50.3 747870.27383 1085515.00539 1.8 

FD-7 7/14/2015 10:51:08am 31177 10.6 18.5 747849.64440 1085511.54439 1.9 

FD-8 7/14/2015 10:48:34am 31177 4.6 8.7 747826.31135 1085530.96649 1.7 

FD-9 7/14/2015 10:46:56am 31177 61.2 87.9 747754.94993 1085501.04235 1.6 

FE-1 7/14/2015 10:21:31am 31177 46.3 68.6 748025.15331 1085529.92252 1.7 

FE-10 7/14/2015 10:43:21am 31177 48.3 71.2 747736.18758 1085541.23042 1.7 

FE-2 7/14/2015 10:24:55am 31177 41.5 62.2 747993.33195 1085533.83374 1.9 

FE-3 7/14/2015 10:27:49am 31177 50.4 74.0 747960.30402 1085541.10269 2.1 

FE-4 7/14/2015 10:29:56am 31177 36.6 55.6 747927.09459 1085540.60174 1.9 

FE-5 7/14/2015 10:31:56am 31177 4.5 8.5 747894.92869 1085543.74434 2.0 

FE-6 7/14/2015 10:34:50am 31177 32.3 49.8 747865.23142 1085553.54606 1.7 

FE-7 7/14/2015 10:36:37am 31177 39.1 58.9 747840.42884 1085547.99763 1.7 

FE-8 7/14/2015 10:38:33am 31177 6.0 11.2 747800.61703 1085544.29038 1.6 

FE-9 7/14/2015 10:40:46am 31177 7.0 12.7 747768.25154 1085542.47234 1.6 

FF-10 7/14/2015 09:55:46am 31177 24.7 39.1 747743.73406 1085575.88146 2.1 

FF-2 7/14/2015 10:16:56am 31177 5.4 10.2 748001.93252 1085591.58688 2.8 

FF-3 7/14/2015 10:14:44am 31177 8.9 15.8 747977.53121 1085579.03470 3.1 

FF-4 7/14/2015 10:11:29am 31177 29.5 45.9 747932.67339 1085569.82336 1.9 

FF-5 7/14/2015 10:09:06am 31177 23.4 37.4 747895.85589 1085576.53409 1.8 

FF-6 7/14/2015 10:07:08am 31177 20.5 33.2 747881.00062 1085563.19542 2.1 

FF-7 7/14/2015 10:04:56am 31177 26.5 41.8 747835.61735 1085571.61984 2.0 

FF-8 7/14/2015 10:01:23am 31177 38.8 58.6 747803.74927 1085580.61824 1.8 

FF-9 7/14/2015 09:57:38am 31177 9.2 16.3 747764.17349 1085579.36565 2.0 

FG-10 7/14/2015 09:48:13am 31177 24.1 38.3 747745.62725 1085605.42456 1.7 

FG-11 7/14/2015 09:50:03am 31177 33.9 51.9 747709.89187 1085609.77498 1.9 

FG-3 7/14/2015 09:31:37am 31177 193.2 244.8 747969.74180 1085608.96420 1.9 

FG-4 7/14/2015 09:34:28am 31177 68.3 96.9 747936.48492 1085617.75695 1.7 

FG-5 7/14/2015 09:36:47am 31177 122.7 163.3 747908.69235 1085621.09728 1.8 

FG-6 7/14/2015 09:38:43am 31177 29.2 45.5 747861.01576 1085622.42322 2.3 

FG-7 7/14/2015 09:40:59am 31177 19.1 31.1 747832.02560 1085614.71574 1.9 

FG-8 7/14/2015 09:43:18am 31177 8.0 14.3 747813.64801 1085615.36156 1.9 



Table A - Bluff F XRF Field Measurements Sampling Information (Continued) 
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Sample 
ID 

Sample 
Date 

Sample 
Time 

XRF 
Serial 

Number 

In Situ XRF 
Measurement 

(ppm) 

Converted 
Total 

Arsenic 
(mg/kg) 

Northing 
(Feet) 

Easting (feet) 
Horizontal 
Precision 

(feet) 

FG-9 7/14/2015 09:46:05am 31177 25.4 40.2 747774.76482 1085616.39926 1.7 

FH-10 7/14/2015 09:12:57am 31177 46.1 68.3 747751.69645 1085647.98594 1.7 

FH-11 7/14/2015 09:10:24am 31177 47.9 70.6 747695.61528 1085637.19542 1.8 

FH-12 7/14/2015 09:09:03am 31177 48.8 71.8 747667.29551 1085630.59273 2.1 

FH-3 7/14/2015 09:28:37am 31177 80.5 112.3 747968.94477 1085641.05934 1.7 

FH-4 7/14/2015 09:26:40am 31177 62.7 89.9 747930.03073 1085650.41993 1.7 

FH-5 7/14/2015 09:25:02am 31177 88.2 121.8 747917.25200 1085631.66750 1.8 

FH-6 7/14/2015 09:22:22am 31177 40.9 61.4 747873.16779 1085642.19069 1.6 

FH-7 7/14/2015 09:20:33am 31177 25.7 40.6 747827.05097 1085637.85243 1.7 

FH-8 7/14/2015 09:17:23am 31177 32.1 49.4 747812.13947 1085646.08673 2.0 

FH-9 7/14/2015 09:15:37am 31177 31.4 48.5 747783.66749 1085632.96049 1.8 

FI-10 7/13/2015 06:42:18pm 31177 97.6 133.2 747743.16339 1085674.03588 1.6 

FI-11 7/13/2015 06:51:00pm 31177 199.5 251.9 747703.56081 1085678.19363 1.6 

FI-12 7/13/2015 06:53:16pm 31177 43.1 64.3 747663.07201 1085661.60567 1.7 

FI-13 7/13/2015 06:55:21pm 31177 39.7 59.8 747633.39571 1085679.03557 1.6 

FI-14 7/13/2015 06:57:43pm 31177 48.3 71.2 747604.39019 1085690.89649 1.7 

FI-3 7/13/2015 06:26:21pm 31177 228.7 284.5 747980.97119 1085682.03834 1.7 

FI-4 7/13/2015 06:28:44pm 31177 83.2 115.5 747933.38593 1085673.18237 1.7 

FI-5 7/13/2015 06:30:35pm 31177 50.7 74.3 747884.77340 1085678.92926 2.2 

FI-6 7/13/2015 06:32:32pm 31177 15.3 25.6 747872.86832 1085676.94751 1.7 

FI-7 7/13/2015 06:34:19pm 31177 22.7 36.3 747839.39702 1085681.15910 1.6 

FI-8 7/13/2015 06:36:20pm 31177 18.8 30.8 747795.77434 1085685.19131 2.0 

FI-9 7/13/2015 06:38:28pm 31177 95.2 130.3 747768.32391 1085675.49532 1.9 

FJ-10 7/13/2015 06:07:21pm 31177 20.4 33.0 747741.88111 1085700.07901 1.7 

FJ-11 7/13/2015 06:05:22pm 31177 48.9 72.0 747719.48166 1085705.26205 1.7 

FJ-12 7/13/2015 06:03:00pm 31177 115.6 154.9 747689.31712 1085707.24013 1.6 

FJ-13 7/13/2015 06:01:19pm 31177 70.4 99.5 747653.50919 1085712.75494 1.7 

FJ-14 7/13/2015 05:59:26pm 31177 33.0 50.7 747622.92421 1085711.02248 1.7 

FJ-3 7/13/2015 06:20:35pm 31177 76.7 107.5 747973.74391 1085712.74016 1.9 

FJ-4 7/13/2015 06:18:11pm 31177 36.7 55.7 747937.53377 1085713.06056 1.8 

FJ-5 7/13/2015 06:16:22pm 31177 39.5 59.5 747917.09767 1085701.15705 1.8 

FJ-6 7/13/2015 06:14:45pm 31177 33.3 51.1 747878.67752 1085712.75335 1.7 

FJ-7 7/13/2015 06:13:11pm 31177 50.8 74.5 747836.44358 1085710.36552 1.8 

FJ-8 7/13/2015 06:10:56pm 31177 30.1 46.7 747814.89733 1085710.52526 1.6 

FJ-9 7/13/2015 06:09:06pm 31177 35.7 54.4 747770.96104 1085715.34689 1.7 

FK-10 7/13/2015 04:52:09pm 31177 60.5 87.0 747730.71576 1085731.75289 1.7 

FK-11 7/13/2015 04:54:30pm 31177 23.7 37.7 747713.52245 1085745.68991 1.5 

FK-12 7/13/2015 04:56:52pm 31177 28.1 43.9 747671.62830 1085742.43670 1.5 

FK-13 7/13/2015 04:58:36pm 31177 31.3 48.4 747638.79499 1085743.84868 1.5 

FK-14 7/13/2015 05:01:04pm 31177 34.1 52.3 747612.90434 1085744.28499 1.3 

FK-15 7/13/2015 05:03:36pm 31177 49.1 72.3 747571.80985 1085749.08604 1.5 

FK-3 7/13/2015 04:26:25pm 31177 134.2 176.9 747967.24781 1085735.91790 1.5 

FK-4 7/13/2015 04:29:02pm 31177 126.2 167.5 747936.12884 1085751.21474 1.5 

FK-5 7/13/2015 04:36:18pm 31177 81.4 113.4 747909.16916 1085738.41372 1.6 

FK-6 7/13/2015 04:39:12pm 31177 75.2 105.6 747869.05673 1085744.15017 1.5 

FK-7 7/13/2015 04:41:18pm 31177 33.8 51.8 747837.35140 1085738.67988 1.6 

FK-8 7/13/2015 04:43:30pm 31177 18.2 29.8 747800.54836 1085746.57977 1.6 

FK-9 7/13/2015 04:45:00pm 31177 34.0 52.0 747772.20929 1085740.57139 1.6 

FL-10 7/13/2015 04:06:11pm 31177 17.3 28.4 747741.61187 1085784.59976 1.6 



Table A - Bluff F XRF Field Measurements Sampling Information (Continued) 
 

 TETRA TECH 3 

Sample 
ID 

Sample 
Date 

Sample 
Time 

XRF 
Serial 

Number 

In Situ XRF 
Measurement 

(ppm) 

Converted 
Total 

Arsenic 
(mg/kg) 

Northing 
(Feet) 

Easting (feet) 
Horizontal 
Precision 

(feet) 

FL-11 7/13/2015 04:03:59pm 31177 18.7 30.6 747705.47153 1085773.87099 1.5 

FL-12 7/13/2015 04:02:01pm 31177 9.8 17.2 747673.41069 1085777.01622 1.9 

FL-13 7/13/2015 03:59:31pm 31177 21.2 34.2 747647.11431 1085771.31130 1.6 

FL-14 7/13/2015 03:57:20pm 31177 19.7 32.0 747613.87059 1085776.13795 1.6 

FL-15 7/13/2015 03:13:18pm 31177 45.2 67.1 747570.73363 1085775.17111 1.6 

FL-3 7/13/2015 04:23:18pm 31177 47.8 70.6 747971.83603 1085777.67038 1.8 

FL-4 7/13/2015 04:21:03pm 31177 53.9 78.4 747926.92818 1085774.34666 1.7 

FL-5 7/13/2015 04:18:34pm 31177 47.6 70.3 747902.36560 1085769.89979 1.6 

FL-6 7/13/2015 04:15:27pm 31177 80.7 112.5 747863.00417 1085779.99848 2.0 

FL-7 7/13/2015 04:13:05pm 31177 43.3 64.6 747851.03152 1085773.43114 1.7 

FL-8 7/13/2015 04:11:03pm 31177 37.1 56.3 747791.71692 1085777.43046 1.7 

FL-9 7/13/2015 04:08:18pm 31177 36.0 54.8 747775.94891 1085768.91258 1.6 

FM-10 7/13/2015 02:45:05pm 31177 27.5 43.1 747748.45302 1085810.45469 1.5 

FM-11 7/13/2015 02:47:26pm 31177 22.8 36.4 747697.55055 1085809.49331 1.5 

FM-12 7/13/2015 02:50:00pm 31177 16.8 27.8 747669.57499 1085812.60682 1.6 

FM-13 7/13/2015 02:53:14pm 31177 4.3 8.2 747636.51800 1085803.30358 1.5 

FM-14 7/13/2015 02:55:13pm 31177 10.8 18.7 747604.79597 1085813.80391 1.5 

FM-15 7/13/2015 02:57:38pm 31177 8.1 14.6 747575.33078 1085807.99122 1.6 

FM-3 7/13/2015 02:25:38pm 31177 322.3 386.3 747966.21595 1085816.60697 1.7 

FM-4 7/13/2015 02:29:00pm 31177 57.3 82.9 747941.81084 1085812.90511 1.5 

FM-5 7/13/2015 02:31:52pm 31177 72.0 101.6 747896.70544 1085799.11118 1.6 

FM-6 7/13/2015 02:34:19pm 31177 66.5 94.6 747868.26966 1085811.81159 1.9 

FM-7 7/13/2015 02:36:51pm 31177 65.7 93.6 747836.31181 1085806.84404 1.5 

FM-8 7/13/2015 02:39:23pm 31177 18.2 29.8 747811.16657 1085808.27138 1.4 

FM-9 7/13/2015 02:42:32pm 31177 34.9 53.3 747768.25246 1085809.14321 1.9 

FN-10 7/13/2015 01:55:54pm 31177 21.3 34.3 747744.50762 1085852.47002 1.6 

FN-11 7/13/2015 01:53:10pm 31177 25.8 40.8 747709.31699 1085834.78894 1.5 

FN-12 7/13/2015 01:51:24pm 31177 62.8 89.9 747684.41761 1085843.00645 1.6 

FN-13 7/13/2015 01:39:23pm 31177 106.0 143.4 747642.01926 1085840.53832 1.6 

FN-14 7/13/2015 01:37:23pm 31177 16.4 27.3 747608.46404 1085848.75523 1.6 

FN-15 7/13/2015 01:34:23pm 31177 51.2 75.0 747570.47425 1085847.09789 1.6 

FN-3 7/13/2015 02:14:48pm 31177 205.9 259.1 747976.42172 1085841.18136 1.6 

FN-4 7/13/2015 02:13:10pm 31177 80.8 112.6 747934.91380 1085837.96338 1.7 

FN-5 7/13/2015 02:07:57pm 31177 155.6 201.8 747902.01285 1085835.59894 2.4 

FN-6 7/13/2015 02:05:38pm 31177 89.0 122.7 747876.82920 1085835.10694 1.7 

FN-7 7/13/2015 02:02:07pm 31177 95.3 130.4 747843.62442 1085829.65921 1.8 

FN-8 7/13/2015 02:00:02pm 31177 63.7 91.1 747813.22265 1085843.93979 1.6 

FN-9 7/13/2015 01:57:53pm 31177 32.8 50.4 747772.56672 1085850.80052 1.6 

FO-10 7/13/2015 11:25:18am 31177 50.5 74.1 747745.14897 1085874.70365 1.5 

FO-11 7/13/2015 11:22:55am 31177 61.8 88.7 747708.80119 1085875.65611 1.4 

FO-12 7/13/2015 11:20:11am 31177 48.4 71.3 747666.80551 1085871.69968 1.5 

FO-13 7/13/2015 11:17:41am 31177 20.9 33.8 747650.16424 1085875.28434 1.4 

FO-14 7/13/2015 11:14:53am 31177 27.6 43.2 747610.30231 1085869.31420 1.5 

FO-15 7/13/2015 11:12:09am 31177 34.9 53.3 747578.28766 1085865.72133 1.5 

FO-3 7/13/2015 11:49:24am 31177 271.7 331.7 747973.43499 1085871.19133 1.8 

FO-4 7/13/2015 11:46:04am 31177 162.7 210.1 747936.80534 1085868.30442 2.2 

FO-5 7/13/2015 11:43:46am 31177 114.8 154.0 747896.23658 1085883.53462 1.7 

FO-6 7/13/2015 11:34:53am 31177 632.4 704.2 747875.63948 1085883.93882 1.5 

FO-7 7/13/2015 11:32:10am 31177 108.1 146.0 747846.35729 1085870.81106 1.5 



Table A - Bluff F XRF Field Measurements Sampling Information (Continued) 
 

 TETRA TECH 4 

Sample 
ID 

Sample 
Date 

Sample 
Time 

XRF 
Serial 

Number 

In Situ XRF 
Measurement 

(ppm) 

Converted 
Total 

Arsenic 
(mg/kg) 

Northing 
(Feet) 

Easting (feet) 
Horizontal 
Precision 

(feet) 

FO-8 7/13/2015 11:29:47am 31177 44.0 65.5 747812.14216 1085868.23747 1.5 

FO-9 7/13/2015 11:27:26am 31177 25.7 40.6 747775.68338 1085870.46177 1.4 

FP-10 7/13/2015 10:55:40am 31177 44.4 66.1 747744.58239 1085908.89937 1.5 

FP-11 7/13/2015 10:58:48am 31177 22.0 35.4 747698.72045 1085904.80656 1.5 

FP-12 7/13/2015 11:01:25am 31177 40.3 60.6 747676.67689 1085908.41079 1.5 

FP-13 7/13/2015 11:04:29am 31177 23.1 36.9 747639.28903 1085907.67494 1.5 

FP-14 7/13/2015 11:06:43am 31177 27.0 42.3 747608.76011 1085907.82849 1.6 

FP-15 7/13/2015 11:08:50am 31177 40.3 60.6 747579.04845 1085905.31768 1.6 

FP-4 7/13/2015 10:20:59am 31177 90.4 124.4 747958.08332 1085887.08493 2.3 

FP-5 7/13/2015 10:24:03am 31177 266.0 325.5 747902.05104 1085896.71451 1.9 

FP-6 7/13/2015 10:28:11am 31177 104.1 141.1 747882.35680 1085906.44131 1.6 

FP-7 7/13/2015 10:41:00am 31177 45.9 68.1 747841.98638 1085909.95208 1.6 

FP-8 7/13/2015 10:43:33am 31177 20.1 32.6 747808.61560 1085907.09656 1.6 

FP-9 7/13/2015 10:54:09am 31177 57.1 82.6 747775.70168 1085907.64666 1.7 

FQ-10 7/13/2015 09:49:45am 31177 33.2 51.0 747751.33362 1085934.13839 1.8 

FQ-11 7/13/2015 09:46:56am 31177 5.7 10.5 747727.03919 1085940.86205 2.0 

FQ-12 7/13/2015 09:44:18am 31177 11.9 20.4 747684.46031 1085941.35223 2.2 

FQ-13 7/13/2015 09:40:04am 31177 95.8 131.1 747642.66354 1085936.88035 1.7 

FQ-14 7/13/2015 09:36:27am 31177 32.9 50.5 747615.07460 1085927.80300 1.7 

FQ-15 7/13/2015 09:32:56am 31177 20.2 32.7 747567.44276 1085931.85968 2.3 

FQ-5 7/13/2015 10:13:27am 31177 4.1 7.9 747916.04122 1085936.14683 2.6 

FQ-6 7/13/2015 10:09:56am 31177 62.4 89.4 747875.05930 1085928.60050 2.4 

FQ-7 7/13/2015 10:06:55am 31177 64.9 92.6 747839.31685 1085939.96907 1.5 

FQ-8 7/13/2015 09:54:53am 31177 26.0 41.1 747812.63369 1085932.92624 1.8 

FQ-9 7/13/2015 09:52:14am 31177 34.5 52.7 747787.49079 1085941.11221 1.6 

FR-7 7/13/2015 10:03:16am 31177 21.4 34.4 747842.13502 1085962.22265 2.0 

FR-8 7/13/2015 09:57:19am 31177 39.5 59.6 747816.94420 1085966.01976 1.8 

FSS-1 7/13/2015 10:30:54am 31177 203.4 256.3 747882.48713 1085894.98354 1.5 

FSS-2 7/13/2015 10:34:56am 31177 124.0 164.9 747863.13621 1085895.48782 1.5 

FSS-3 7/13/2015 11:37:12am 31177 73.3 103.2 747852.53910 1085875.47570 1.4 

FSS-4 7/13/2015 11:41:05am 31177 59.7 85.9 747856.34952 1085886.79605 1.5 

FSS-5 7/13/2015 11:53:18am 31177 51.9 75.9 747970.31988 1085869.28112 1.8 

FSS-5 7/13/2015 02:10:40pm 31177 146.7 191.5 747918.80028 1085848.22117 1.5 

FSS-7 7/13/2015 02:17:36pm 31177 247.4 305.2 748009.50856 1085842.35525 1.7 

 



 TETRA TECH 1 

Table B - Bluff G XRF Field Measurements Sampling Information 
 

Sample 
ID 

Sample 
Date 

Sample 
Time 

XRF 
Serial 

Number 

In Situ XRF 
Measurement 

(ppm) 

Converted 
Total 

Arsenic 
(mg/kg) 

Northing 
(Feet) 

Easting (feet) 
Horizontal 
Precision 

(feet) 

GA-10 7/14/2015 01:52:03pm 31094 125.7 167.0 747861.42655 1086944.79081 8.1 

GA-11 7/14/2015 01:45:05pm 31094 58.7 84.7 747829.34024 1086939.43726 9.8 

GA-12 7/14/2015 01:41:49pm 31094 104.1 141.1 747798.97276 1086941.70976 9.3 

GA-13 7/14/2015 01:38:41pm 31094 58.8 84.8 747766.53574 1086949.14923 10.3 

GA-6 7/14/2015 02:04:55pm 31094 55.9 81.1 747996.33055 1086939.96983 6.9 

GA-7 7/14/2015 02:01:43pm 31094 58.6 84.6 747956.33150 1086944.63511 3.5 

GA-8 7/14/2015 01:58:48pm 31094 45.3 67.2 747925.50820 1086934.72619 4.0 

GA-9 7/14/2015 01:55:51pm 31094 61.0 87.6 747905.38090 1086944.16237 7.1 

GB-10 7/14/2015 02:33:03pm 31094 81.7 113.7 747868.66088 1086971.87014 6.1 

GB-11 7/14/2015 02:36:40pm 31094 46.6 69.0 747833.20268 1086980.12050 4.2 

GB-12 7/14/2015 02:40:24pm 31094 77.1 108.0 747793.22483 1086980.68650 4.0 

GB-13 7/14/2015 02:43:46pm 31094 160.2 207.2 747758.48747 1086975.72275 3.4 

GB-4 7/14/2015 02:12:39pm 31094 78.4 109.7 748065.24962 1086976.24366 7.0 

GB-5 7/14/2015 02:16:10pm 31094 43.6 65.0 748025.02104 1086974.31791 7.0 

GB-6 7/14/2015 02:19:31pm 31094 40.0 60.2 747986.79265 1086974.22724 8.3 

GB-7 7/14/2015 02:21:56pm 31094 76.6 107.3 747959.14050 1086969.75903 3.7 

GB-8 7/14/2015 02:24:45pm 31094 135.3 178.2 747937.69331 1086970.98016 4.1 

GB-9 7/14/2015 02:29:40pm 31094 80.2 111.8 747894.04580 1086974.85866 4.0 

GC-10 7/14/2015 03:02:52pm 31094 77.6 108.6 747865.91249 1087008.41512 6.6 

GC-11 7/14/2015 02:58:57pm 31094 77.6 108.6 747818.84403 1087002.98883 3.2 

GC-12 7/14/2015 02:54:25pm 31094 71.9 101.4 747811.20625 1087013.13211 4.2 

GC-13 7/14/2015 02:50:26pm 31094 75.2 105.6 747759.91261 1087007.84115 6.2 

GC-3 7/14/2015 03:38:39pm 31094 98.8 134.7 748092.96157 1087001.05159 4.1 

GC-4 7/14/2015 03:35:15pm 31094 115.3 154.6 748072.47564 1087008.75603 4.0 

GC-5 7/14/2015 03:29:40pm 31094 57.6 83.2 748032.59131 1087001.61268 4.6 

GC-6 7/14/2015 03:26:02pm 84208 47.5 70.2 748002.14691 1087010.10629 4.1 

GC-7 7/14/2015 03:22:18pm 84208 57.8 83.5 747958.39129 1087011.25650 3.8 

GC-8 7/14/2015 03:17:20pm 84208 116.6 156.1 747938.67111 1087013.29663 6.9 

GC-9 7/14/2015 03:06:07pm 84208 148.9 194.1 747889.18717 1087010.91909 5.4 

GD-10 7/14/2015 04:26:34pm 84208 93.0 127.7 747865.16712 1087048.51585 6.7 

GD-11 7/14/2015 04:31:38pm 84208 70.1 99.2 747842.52054 1087046.38358 3.4 

GD-12 7/14/2015 04:37:03pm 84208 65.6 93.5 747792.84674 1087052.33787 3.5 

GD-13 7/14/2015 04:40:57pm 84208 57.0 82.5 747768.68380 1087048.85007 3.4 

GD-14 7/14/2015 04:49:30pm 84208 49.3 72.4 747749.52024 1087052.84343 3.4 

GD-3 7/14/2015 03:47:03pm 84208 142.8 187.0 748091.53824 1087045.54874 4.3 

GD-4 7/14/2015 04:03:16pm 84208 54.6 79.4 748060.47862 1087032.79930 3.5 

GD-5 7/14/2015 04:07:22pm 84208 50.8 74.4 748026.01064 1087032.30480 3.4 

GD-6 7/14/2015 04:11:33pm 84208 199.6 252.0 747984.41887 1087052.66485 7.4 

GD-7 7/14/2015 04:14:56pm 84208 73.4 103.4 747964.67028 1087041.44876 3.4 

GD-8 7/14/2015 04:18:57pm 84208 60.1 86.5 747934.86429 1087038.28510 3.9 

GD-9 7/14/2015 04:22:46pm 84208 119.0 159.0 747894.15768 1087038.20277 3.3 

GE-10 7/14/2015 05:06:41pm 84208 87.7 121.1 747863.17042 1087065.66274 4.7 

GE-11 7/14/2015 05:00:36pm 84208 117.0 156.6 747830.85442 1087063.79076 6.2 

GE-3 7/14/2015 06:18:04pm 84208 51.0 74.7 748104.25119 1087063.00612 8.9 

GE-4 7/14/2015 06:21:48pm 84208 117.6 157.3 748058.69588 1087076.32068 4.7 

GE-5 7/14/2015 06:25:49pm 84208 124.1 165.0 748013.58376 1087073.99647 4.6 

GE-6 7/14/2015 06:28:35pm 84208 101.1 137.5 747986.35125 1087065.96682 4.9 

GE-7 7/14/2015 06:36:35pm 84208 61.8 88.6 747962.56174 1087061.42995 4.3 

GE-8 7/14/2015 05:20:49pm 84208 68.6 97.3 747920.86681 1087083.33729 3.4 



Table B - Bluff G XRF Field Measurements Sampling Information (Continued) 
 

 TETRA TECH 2 
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(mg/kg) 
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Horizontal 
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GE-9 7/14/2015 05:16:39pm 84208 204.4 257.4 747888.10566 1087071.03418 3.6 

GF-2 7/14/2015 06:14:04pm 84208 118.6 158.5 748131.11862 1087106.94159 4.8 

GF-3 7/14/2015 06:00:22pm 84208 122.3 162.9 748101.90220 1087098.55690 4.0 

GF-4 7/14/2015 05:57:02pm 84208 63.1 90.3 748075.42521 1087109.48866 8.0 

GF-5 7/14/2015 05:46:27pm 84208 213.9 268.0 748037.24655 1087109.93392 7.7 

GF-6 7/14/2015 05:42:15pm 84208 82.5 114.7 748001.16128 1087116.58585 3.6 

GF-7 7/14/2015 05:38:07pm 84208 92.7 127.3 747962.62435 1087112.95760 6.5 

GG-1 7/14/2015 06:16:16pm 84208 101.5 138.0 748146.41933 1087147.51254 3.3 

GG-2 7/14/2015 06:12:41pm 84208 219.8 274.6 748129.17711 1087142.61417 6.1 

GG-3 7/14/2015 06:09:46pm 84208 77.1 107.9 748096.17503 1087145.97700 3.5 

GG-4 7/14/2015 06:06:30pm 84208 132.4 174.8 748060.67100 1087134.94851 3.7 

GG-5 7/14/2015 06:03:38pm 84208 96.3 131.6 748022.17663 1087138.01136 3.2 

GG-6 7/14/2015 05:59:36pm 84208 197.9 250.1 747991.00709 1087140.47141 3.7 

GH-1 7/14/2015 06:22:11pm 84208 103.2 140.0 748160.15081 1087170.63805 4.0 

GH-2 7/14/2015 06:25:15pm 84208 94.1 129.0 748126.83194 1087175.31214 4.2 

GH-3 7/14/2015 06:29:01pm 84208 134.0 176.7 748096.87240 1087172.33089 3.3 

GH-4 7/14/2015 06:34:33pm 84208 204.8 257.9 748046.70785 1087180.36030 3.3 

GH-5 7/14/2015 06:36:35pm 84208 234.3 290.7 748009.53015 1087172.41892 3.0 

GH-6 7/14/2015 06:39:47pm 84208 532.2 603.8 748003.93906 1087172.31219 3.1 

GI-1 7/14/2015 06:29:03pm 84208 98.3 134.0 748141.54546 1087204.44632 8.5 

GI-2 7/14/2015 06:38:33pm 84208 70.8 100.0 748135.68622 1087197.55787 3.6 

GI-3 7/14/2015 06:43:51pm 84208 489.6 560.5 748098.61810 1087200.08243 8.4 

GI-4 7/14/2015 06:48:54pm 84208 215.9 270.3 748055.11677 1087201.79019 8.5 

GI-5 7/14/2015 06:53:51pm 84208 913.1 976.8 748020.60094 1087208.21023 4.9 

GI-6 7/14/2015 - 84208 1731.0 1727.1 747994.29809 1087202.26072 - 

GJ-1 7/14/2015 06:16:23pm 84208 116.3 155.8 748154.21280 1087238.55547 9.2 

GJ-2 7/14/2015 06:10:48pm 84208 69.9 98.9 748143.50026 1087213.00230 5.2 

GJ-3 7/14/2015 06:05:40pm 84208 75.9 106.4 748081.61966 1087238.21091 8.2 

GJ-4 7/14/2015 06:00:03pm 84208 240.9 298.0 748045.58562 1087226.80934 4.2 

GJ-5 7/14/2015 05:53:19pm 84208 317.0 380.6 748019.42421 1087232.20803 7.1 

GJ-6 7/14/2015 05:48:27pm 84208 509.3 580.6 747995.34484 1087237.62408 3.5 

GK-1 7/14/2015 05:12:23pm 84208 151.9 197.5 748149.98162 1087264.33551 3.8 

GK-2 7/14/2015 05:21:27pm 31094 60.2 86.6 748120.80255 1087264.17265 5.6 

GK-3 7/14/2015 05:28:57pm 31094 150.7 196.2 748094.76503 1087272.79816 6.5 

GK-4 7/14/2015 05:35:05pm 31094 141.7 185.7 748063.40621 1087265.46926 3.3 

GK-5 7/14/2015 05:41:18pm 31094 153.7 199.7 748024.43579 1087272.34447 3.3 

GL-1 7/14/2015 05:06:04pm 31094 44.7 66.4 748162.33534 1087308.64158 3.5 

GL-2 7/14/2015 04:58:37pm 31094 224.4 279.7 748112.85976 1087304.88995 7.0 

GL-3 7/14/2015 04:50:07pm 31094 235.7 292.3 748083.52914 1087304.57146 4.1 

GL-4 7/14/2015 04:43:54pm 31094 231.9 288.1 748060.26351 1087306.28128 3.6 

GL-5 7/14/2015 04:36:27pm 31094 170.2 218.6 748017.16815 1087298.88783 3.3 

GM-1 7/14/2015 04:22:10pm 31094 44.5 66.2 748168.28542 1087341.38982 2.9 

GM-2 7/14/2015 03:58:20pm 31094 119.1 159.1 748116.04140 1087328.46391 4.8 

GM-3 7/14/2015 03:53:29pm 31094 133.3 175.9 748082.88521 1087330.88584 5.7 

GM-4 7/14/2015 03:47:07pm 31094 187.9 238.8 748060.73706 1087331.45990 3.7 

GM-5 7/14/2015 03:24:52pm 31094 578.2 650.1 748028.89239 1087334.91927 4.3 

GM-6 7/14/2015 03:12:50pm 31094 539.1 610.8 747995.72659 1087330.00857 3.2 

GN-1 7/14/2015 01:44:22pm 31094 46.3 68.6 748159.67918 1087369.96117 3.7 

GN-2 7/14/2015 01:53:41pm 31094 66.6 94.7 748121.44808 1087349.92787 4.4 



Table B - Bluff G XRF Field Measurements Sampling Information (Continued) 
 

 TETRA TECH 3 

Sample 
ID 

Sample 
Date 

Sample 
Time 

XRF 
Serial 

Number 

In Situ XRF 
Measurement 

(ppm) 

Converted 
Total 

Arsenic 
(mg/kg) 

Northing 
(Feet) 

Easting (feet) 
Horizontal 
Precision 

(feet) 

GN-3 7/14/2015 02:38:48pm 31094 56.9 82.4 748102.10880 1087355.16442 3.3 

GN-4 7/14/2015 02:45:55pm 31094 101.8 138.3 748077.09855 1087357.41612 3.5 

GN-5 7/14/2015 02:55:36pm 31094 229.9 285.8 748024.93714 1087371.51350 4.2 

GN-6 7/14/2015 03:04:25pm 31094 277.6 338.1 748002.30624 1087364.71679 3.8 

GO-12 7/14/2015 05:13:41pm 31094 67.0 95.3 747804.11014 1087397.85025 5.6 

GO-13 7/14/2015 05:10:22pm 31094 57.5 83.1 747765.81149 1087402.24178 3.2 

GO-14 7/14/2015 05:01:48pm 31094 144.7 189.3 747732.81550 1087396.82078 8.0 

GO-2 7/14/2015 05:30:27pm 31094 67.3 95.6 748116.46277 1087397.77926 2.6 

GO-3 7/14/2015 05:27:38pm 31094 103.0 139.8 748089.26396 1087400.53632 2.5 

GO-4 7/14/2015 05:24:55pm 31094 146.5 191.3 748060.87922 1087391.12735 3.5 

GO-5 7/14/2015 05:21:28pm 31094 212.1 266.1 748022.52761 1087394.52207 5.3 

GO-6 7/14/2015 05:18:18pm 31094 244.1 301.5 747990.20815 1087388.97307 5.6 

GP-11 7/14/2015 04:29:39pm 31094 105.4 142.7 747825.55972 1087429.64144 3.5 

GP-12 7/14/2015 04:39:29pm 31094 58.6 84.5 747790.19734 1087436.93808 2.6 

GP-13 7/14/2015 04:42:52pm 31094 40.8 61.2 747759.31584 1087416.11264 3.7 

GP-14 7/14/2015 04:47:25pm 31094 72.2 101.8 747738.19047 1087431.12697 3.2 

GP-2 7/14/2015 04:08:15pm 31094 19.4 31.6 748125.53169 1087431.91952 5.2 

GP-3 7/14/2015 04:11:30pm 31094 14.5 24.4 748098.63444 1087427.30022 5.8 

GP-4 7/14/2015 04:15:13pm 31094 189.8 240.9 748050.20506 1087434.37513 4.5 

GP-5 7/14/2015 04:19:04pm 31094 128.0 169.6 748022.61585 1087434.77570 4.2 

GP-6 7/14/2015 04:24:22pm 31094 119.1 159.0 748007.13402 1087438.59246 2.7 

GQ-10 7/14/2015 03:30:14pm 31094 308.2 371.2 747869.31095 1087460.62237 4.2 

GQ-11 7/14/2015 03:24:18pm 31094 41.6 62.3 747827.32605 1087460.35722 4.2 

GQ-12 7/14/2015 03:20:54pm 31094 50.1 73.5 747803.92102 1087474.03915 9.4 

GQ-13 7/14/2015 03:18:21pm 31094 95.6 130.8 747764.06738 1087471.09349 3.4 

GQ-2 7/14/2015 04:04:09pm 31094 18.4 30.1 748120.26519 1087458.19626 5.7 

GQ-3 7/14/2015 03:58:50pm 31094 58.4 84.3 748090.91619 1087468.76632 7.1 

GQ-4 7/14/2015 03:46:15pm 31094 32.9 50.6 748086.44034 1087471.84307 4.4 

GQ-5 7/14/2015 03:41:35pm 31094 105.6 142.9 748023.40685 1087460.63299 7.8 

GQ-6 7/14/2015 03:36:20pm 31094 68.7 97.4 747996.68839 1087468.95542 4.9 

GR-10 7/14/2015 02:59:51pm 31094 269.7 329.6 747856.26304 1087492.48974 3.2 

GR-11 7/14/2015 03:09:11pm 31094 91.6 125.9 747830.51607 1087492.08106 3.9 

GR-3 7/14/2015 02:37:23pm 31094 29.4 45.8 748094.29736 1087498.85176 8.0 

GR-4 7/14/2015 02:41:26pm 31094 37.8 57.2 748054.13972 1087498.35440 7.4 

GR-5 7/14/2015 02:46:55pm 31094 69.8 98.9 748027.40428 1087509.68704 7.5 

GR-9 7/14/2015 02:54:21pm 31094 206.4 259.6 747895.84008 1087496.07536 3.8 

GS-10 7/14/2015 02:07:23pm 31094 72.8 102.6 747869.03195 1087537.77798 4.1 

GS-3 7/14/2015 02:29:00pm 31094 52.3 76.4 748089.95612 1087523.19789 3.4 

GS-4 7/14/2015 02:24:38pm 31094 50.2 73.7 748057.53169 1087533.68140 5.9 

GS-5 7/14/2015 02:21:50pm 31177 21.7 34.8 748022.16319 1087528.82490 6.1 

GS-8 7/14/2015 02:16:13pm 31177 159.4 206.3 747923.38557 1087534.52756 4.1 

GS-9 7/14/2015 02:12:08pm 31177 230.0 286.0 747906.09939 1087535.00127 4.0 

GSS-0 7/15/2015 11:54:27am 31177 51.0 74.7 747729.89734 1086971.48756 6.0 

GSS-1 7/15/2015 11:50:36am 31177 45.1 67.0 747712.07824 1086947.47683 6.4 

GSS-10 7/15/2015 11:01:05am 31177 152.6 198.4 748189.02641 1087247.08645 3.0 
GSS-10A 7/15/2015 11:03:49am 31177 78.8 110.1 748205.13624 1087232.38400 2.2 

GSS-11 7/15/2015 10:47:50am 31177 129.8 171.8 748192.70533 1087267.01744 2.6 
GSS-11A 7/15/2015 10:51:06am 31177 38.3 57.8 748202.59321 1087286.17278 2.4 

GSS-12 7/15/2015 10:45:12am 31177 27.6 43.3 748194.51552 1087304.66986 2.4 



Table B - Bluff G XRF Field Measurements Sampling Information (Continued) 
 

 TETRA TECH 4 

Sample 
ID 

Sample 
Date 

Sample 
Time 

XRF 
Serial 

Number 

In Situ XRF 
Measurement 

(ppm) 

Converted 
Total 

Arsenic 
(mg/kg) 

Northing 
(Feet) 

Easting (feet) 
Horizontal 
Precision 

(feet) 

GSS-13 7/15/2015 10:43:02am 31177 19.1 31.2 748213.87066 1087299.55269 2.5 

GSS-14 7/15/2015 10:54:24am 31177 35.3 53.8 748217.16821 1087275.37843 2.7 

GSS-15 7/15/2015 10:58:16am 31177 40.1 60.3 748216.90291 1087253.79014 2.3 

GSS-16 7/15/2015 11:10:46am 31177 67.6 96.0 748206.92955 1087208.31632 2.4 

GSS-17 7/15/2015 10:27:45am 31177 87.9 121.4 747832.96712 1087518.35918 3.4 

GSS-18 7/15/2015 10:30:30am 31177 74.0 104.1 747843.09724 1087545.44929 2.7 

GSS-19 7/15/2015 10:36:29am 31177 93.1 127.8 747906.63235 1087569.89587 2.6 

GSS-2 7/15/2015 11:57:32am 31177 85.7 118.6 747763.70029 1086943.25847 3.3 

GSS-3 7/15/2015 11:42:44am 31177 67.2 95.6 747770.31618 1086914.54993 2.6 

GSS-3A 7/15/2015 11:47:22am 31177 47.1 69.5 747726.04099 1086913.45709 7.1 

GSS-4 7/15/2015 11:38:04am 31177 14.9 24.9 747838.87689 1086917.07850 2.8 

GSS-5 7/15/2015 11:35:18am 31177 47.1 69.6 747880.28113 1086922.67389 2.6 

GSS-6 7/15/2015 11:28:12am 31177 119.3 159.3 748099.23375 1086979.26072 3.6 

GSS-6A 7/15/2015 11:31:07am 31177 79.6 111.1 748115.60379 1086969.54323 2.7 

GSS-7 7/15/2015 11:25:38am 31177 70.7 99.9 748127.45596 1087023.06765 2.9 

GSS-8 7/15/2015 11:21:27am 31177 78.5 109.8 748167.58728 1087078.66874 3.1 

GSS-9 7/15/2015 11:07:29am 31177 107.1 144.7 748189.12602 1087215.16242 2.3 

GSS-9A 7/15/2015 11:14:09am 31177 48.9 72.0 748224.00192 1087230.93639 2.6 

GT-10 7/14/2015 02:03:12pm 31177 93.0 127.7 747859.35373 1087562.84219 3.4 

GT-4 7/14/2015 01:49:17pm 31177 34.7 53.0 748064.11299 1087569.18801 3.7 

GT-5 7/14/2015 01:51:44pm 31177 64.6 92.2 748028.81434 1087564.39538 3.4 

GT-8 7/14/2015 01:55:10pm 31177 46.2 68.4 747938.07221 1087556.16987 3.7 

GT-9 7/14/2015 01:58:41pm 31177 135.2 178.1 747894.07432 1087560.59088 4.7 

GU-9 7/14/2015 01:43:11pm 31177 44.0 65.4 747896.91833 1087599.96514 4.4 

 



 TETRA TECH 1 

Table C - Bluff I XRF Field Measurements Sampling Information 
 

Sample 
ID 

Sample 
Date 

Sample 
Time 

XRF 
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Number 

In Situ XRF 
Measurement 

(ppm) 

Converted 
Total 

Arsenic 
(mg/kg) 

Northing 
(Feet) 

Easting (feet) 
Horizontal 
Precision 

(feet) 

IA-11 7/16/2015 03:38:57pm 31177 17.3 28.5 747167.32476 1086776.24441 2.8 

IAA-13 7/15/2015 11:10:02am 31177 18.8 30.6 747089.54630 1087612.00635 5.9 

IAA-14 7/15/2015 11:13:28am 31177 21.0 33.9 747071.84068 1087618.47992 6.6 

IAA-15 7/15/2015 11:17:02am 31177 22.8 36.5 747028.53328 1087624.69026 4.4 

IAA-16 7/15/2015 11:33:29am 31177 25.5 40.3 746987.29746 1087623.86955 1.7 

IAA-17 7/15/2015 11:39:02am 31177 18.9 30.9 746961.38551 1087621.88839 1.9 

IAA-18 7/15/2015 11:41:12am 31177 20.6 33.3 746927.34649 1087615.47302 1.7 

IB-11 7/16/2015 03:36:48pm 31177 18.6 30.4 747160.75680 1086818.16072 3.0 

IBB-14 7/15/2015 11:06:38am 31177 34.6 52.9 747065.94573 1087658.74930 2.1 

IBB-15 7/15/2015 11:03:23am 31177 17.0 28.1 747034.43812 1087654.08376 2.0 

IBB-16 7/15/2015 11:00:29am 31177 24.4 38.7 747010.95710 1087652.43874 2.1 

IBB-17 7/15/2015 10:58:23am 31177 26.8 42.1 746964.90862 1087655.04086 2.6 

IBB-18 7/15/2015 10:52:15am 31177 20.6 33.3 746927.48942 1087654.48269 2.6 

IC-10 7/16/2015 03:28:21pm 31177 52.8 77.1 747186.82042 1086845.20069 5.7 

IC-11 7/16/2015 03:30:16pm 31177 149.6 194.9 747146.76621 1086828.42645 5.0 

IC-12 7/16/2015 03:33:38pm 31177 19.3 31.4 747112.37669 1086832.01961 3.4 

IC-9 7/16/2015 03:26:32pm 31177 81.7 113.7 747230.56372 1086842.63976 3.9 

ICC-15 7/15/2015 10:43:32am 31177 21.8 35.0 747029.48161 1087687.58949 2.7 

ICC-16 7/15/2015 10:45:35am 31177 21.6 34.8 746996.31292 1087684.61344 2.3 

ICC-17 7/15/2015 10:47:30am 31177 18.7 30.5 746967.05249 1087685.34811 2.1 

ICC-18 7/15/2015 10:49:18am 31177 18.7 30.6 746923.91606 1087688.69357 2.4 

ID-10 7/16/2015 03:14:02pm 31177 76.0 106.6 747192.11334 1086869.72824 4.1 

ID-11 7/16/2015 03:12:27pm 31177 51.9 75.9 747145.30914 1086868.07050 3.8 

ID-12 7/16/2015 03:10:51pm 31177 26.6 41.9 747121.13811 1086873.36615 3.5 

ID-4 7/16/2015 03:22:57pm 31177 50.7 74.3 747388.70653 1086861.09108 3.8 

ID-5 7/16/2015 03:20:08pm 31177 74.4 104.6 747354.81608 1086870.26201 4.1 

ID-6 7/16/2015 03:17:01pm 31177 35.3 53.9 747304.47788 1086853.64769 3.7 

IDD-15 7/15/2015 10:41:16am 31177 22.2 35.6 747037.82308 1087723.11372 2.0 

IDD-16 7/15/2015 10:39:20am 31177 34.1 52.1 747000.17276 1087718.51874 1.9 

IDD-17 7/15/2015 10:37:36am 31177 17.5 28.7 746960.29577 1087720.04857 1.9 

IDD-18 7/15/2015 10:35:32am 31177 31.7 48.9 746919.52821 1087727.04251 3.0 

IE-11 7/16/2015 03:02:41pm 31177 51.8 75.7 747145.82850 1086902.12763 5.1 

IE-12 7/16/2015 03:04:50pm 31177 35.2 53.7 747122.13975 1086899.64546 3.7 

IE-2 7/16/2015 02:19:04pm 31177 23.1 36.8 747461.31668 1086904.56568 1.7 

IE-3 7/16/2015 02:22:12pm 31177 16.7 27.7 747425.55286 1086901.45252 1.4 

IE-4 7/16/2015 02:24:35pm 31177 57.7 83.4 747388.28642 1086906.76401 2.4 

IE-5 7/16/2015 02:27:02pm 31177 74.8 105.1 747350.84618 1086902.99834 4.0 

IE-6 7/16/2015 02:31:11pm 31177 38.3 57.9 747324.61602 1086899.11206 4.0 

IE-7 7/16/2015 02:57:19pm 31177 198.2 250.5 747291.80108 1086875.57585 7.8 

IEE-15 7/15/2015 10:27:20am 31177 18.0 29.5 747021.77056 1087758.85480 3.6 

IEE-16 7/15/2015 10:29:18am 31177 23.3 37.2 747001.80136 1087745.01666 2.7 

IEE-17 7/15/2015 10:31:15am 31177 22.8 36.4 746964.33501 1087745.67932 3.3 

IEE-18 7/15/2015 10:33:38am 31177 25.0 39.6 746938.80652 1087734.47470 3.4 

IF-2 7/16/2015 02:15:56pm 31177 11.5 19.8 747440.30717 1086932.66063 1.7 

IF-3 7/16/2015 02:12:16pm 31177 13.0 22.1 747424.37064 1086939.77845 1.6 

IF-4 7/16/2015 02:09:40pm 31177 18.1 29.7 747390.25799 1086924.92779 1.7 

IF-5 7/16/2015 02:06:55pm 31177 34.8 53.2 747370.55877 1086946.13288 1.7 

IF-6 7/16/2015 02:01:17pm 31177 56.8 82.3 747324.06500 1086945.93362 2.0 

IF-7 7/16/2015 01:56:46pm 31177 211.5 265.4 747285.51413 1086927.28377 1.9 



Table C - Bluff I XRF Field Measurements Sampling Information (Continued) 
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IF-8 7/16/2015 01:49:46pm 31177 352.6 418.4 747267.35475 1086928.51660 2.3 

IF-8A 7/16/2015 01:43:12pm 31177 269.2 329.0 747262.36322 1086928.78081 1.4 

IFF-16 7/15/2015 10:25:01am 31177 23.3 37.1 747016.80728 1087783.65095 3.2 

IFF-17 7/15/2015 10:23:25am 31177 36.7 55.8 746967.08905 1087778.36325 3.1 

IFF-18 7/15/2015 10:21:20am 31177 16.8 27.7 746915.58828 1087772.58945 3.2 

IG-3 7/16/2015 01:07:20pm 31177 51.3 75.1 747423.50491 1086969.92079 2.0 

IG-4 7/16/2015 01:10:45pm 31177 54.7 79.5 747381.14038 1086970.62404 2.3 

IG-5 7/16/2015 01:12:52pm 31177 45.2 67.1 747356.87770 1086970.36371 3.7 

IG-6 7/16/2015 01:15:04pm 31177 43.3 64.5 747331.34080 1086968.64765 1.5 

IG-7 7/16/2015 01:29:53pm 31177 138.0 181.4 747299.75422 1086970.47153 3.6 

IG-8 7/16/2015 01:33:19pm 31177 71.5 100.9 747255.24551 1086970.10742 5.7 

IG-9 7/16/2015 01:36:57pm 31177 111.5 150.0 747213.32959 1086952.27525 2.8 

IH-10 7/16/2015 12:40:12pm 31177 50.0 73.4 747192.24249 1086999.52556 5.0 

IH-4 7/16/2015 01:04:24pm 31177 49.4 72.6 747382.76478 1087006.31178 3.1 

IH-5 7/16/2015 01:02:28pm 31177 38.6 58.3 747360.79453 1087006.91793 3.1 

IH-6 7/16/2015 12:59:49pm 31177 19.7 32.0 747324.16118 1087002.52851 4.3 

IH-7 7/16/2015 12:56:59pm 31177 87.9 121.4 747292.43541 1087000.75891 4.4 

IH-8 7/16/2015 12:54:04pm 31177 122.9 163.6 747259.70420 1087000.62724 5.5 

IH-9 7/16/2015 12:51:26pm 31177 237.4 294.2 747227.98561 1086998.92910 3.4 

II-4 7/16/2015 12:24:29pm 31177 30.0 46.5 747416.37304 1087042.95998 5.4 

II-5 7/16/2015 12:26:51pm 31177 36.3 55.2 747348.35517 1087042.66403 5.9 

II-6 7/16/2015 12:29:29pm 31177 23.0 36.8 747335.24278 1087035.77610 6.3 

II-7 7/16/2015 12:31:52pm 31177 43.7 65.1 747312.13074 1087030.58812 9.7 

II-8 7/16/2015 12:34:27pm 31177 34.8 53.2 747264.51080 1087041.10283 7.2 

IJ-10 7/16/2015 11:09:56am 31177 52.2 76.3 747204.44526 1087061.23647 1.9 

IJ-11 7/16/2015 11:08:05am 31177 53.5 78.0 747166.29411 1087060.75452 1.8 

IJ-12 7/16/2015 11:05:25am 31177 70.5 99.7 747138.45713 1087058.84353 1.7 

IJ-13 7/16/2015 11:02:56am 31177 75.1 105.4 747098.26464 1087068.38753 1.9 

IJ-14 7/16/2015 11:00:44am 31177 16.8 27.8 747071.62346 1087069.19659 1.9 

IJ-4 7/16/2015 12:22:11pm 31177 33.4 51.2 747427.99899 1087069.67355 1.5 

IJ-5 7/16/2015 12:19:48pm 31177 13.5 22.8 747353.27697 1087076.41842 4.8 

IJ-6 7/16/2015 12:17:24pm 31177 24.1 38.3 747349.97472 1087059.72111 1.9 

IJ-7 7/16/2015 12:13:51pm 31177 35.6 54.3 747299.02444 1087067.03877 2.8 

IJ-8 7/16/2015 12:11:22pm 31177 29.7 46.1 747271.33046 1087067.49544 2.9 

IK-10 7/16/2015 10:43:08am 31177 38.6 58.3 747204.87108 1087102.30657 1.6 

IK-11 7/16/2015 10:45:51am 31177 103.6 140.4 747165.53466 1087106.95124 1.5 

IK-12 7/16/2015 10:47:58am 31177 95.0 130.1 747137.49508 1087104.01788 1.6 

IK-13 7/16/2015 10:49:56am 31177 38.5 58.2 747102.93150 1087101.10784 1.6 

IK-14 7/16/2015 10:52:10am 31177 44.0 65.5 747069.46630 1087102.21379 1.8 

IK-9 7/16/2015 10:41:04am 31177 88.2 121.7 747222.90664 1087100.63650 1.9 

IL-10 7/16/2015 10:35:21am 31177 39.6 59.7 747194.84462 1087128.84056 1.7 

IL-11 7/16/2015 10:33:09am 31177 99.4 135.4 747165.90896 1087135.48362 1.5 

IL-12 7/16/2015 10:30:48am 31177 95.6 130.8 747132.74969 1087134.49517 1.7 

IL-13 7/16/2015 10:28:24am 31177 49.1 72.2 747104.91972 1087127.92860 2.6 

IL-14 7/16/2015 10:26:03am 31177 13.4 22.8 747067.43296 1087136.42167 4.0 

IL-9 7/16/2015 10:38:59am 31177 13.7 23.1 747232.00682 1087124.97245 1.6 

IM-10 7/16/2015 10:14:19am 31177 30.6 47.4 747206.39282 1087168.54534 1.7 

IM-11 7/16/2015 10:17:07am 31177 60.9 87.5 747157.76658 1087169.05790 1.8 

IM-12 7/16/2015 10:19:51am 31177 56.6 82.0 747133.01074 1087172.22465 2.1 



Table C - Bluff I XRF Field Measurements Sampling Information (Continued) 
 

 TETRA TECH 3 

Sample 
ID 

Sample 
Date 

Sample 
Time 

XRF 
Serial 

Number 

In Situ XRF 
Measurement 

(ppm) 

Converted 
Total 

Arsenic 
(mg/kg) 

Northing 
(Feet) 

Easting (feet) 
Horizontal 
Precision 

(feet) 

IM-13 7/16/2015 10:23:21am 31177 53.8 78.4 747107.18241 1087155.87981 3.2 

IM-8 7/16/2015 10:08:48am 31177 85.7 118.6 747266.44209 1087162.94548 2.6 

IM-9 7/16/2015 10:11:45am 31177 21.1 34.0 747233.75902 1087165.04223 2.2 

IN-10 7/16/2015 10:00:44am 31177 43.2 64.5 747212.76233 1087197.53749 1.7 

IN-11 7/16/2015 09:53:43am 31177 108.5 146.4 747172.44629 1087191.80622 1.6 

IN-12 7/16/2015 09:51:32am 31177 63.7 91.0 747135.37043 1087205.74457 1.4 

IN-13 7/16/2015 09:46:23am 31177 100.6 136.8 747116.95786 1087210.21599 1.4 

IN-8 7/16/2015 10:03:08am 31177 37.6 56.9 747244.24478 1087203.06794 1.7 

IN-9 7/16/2015 10:05:30am 31177 40.0 60.1 747223.19393 1087199.90602 2.0 

IO-1 7/16/2015 09:12:27am 31177 58.1 84.0 747498.28844 1087229.75852 3.2 

IO-10 7/16/2015 09:27:54am 31177 38.9 58.8 747188.32564 1087227.85560 2.1 

IO-11 7/16/2015 09:30:07am 31177 140.6 184.5 747157.55118 1087226.51988 1.7 

IO-12 7/16/2015 09:33:12am 31177 142.2 186.3 747144.78198 1087235.79102 1.6 

IO-13 7/16/2015 09:41:25am 31177 19.5 31.8 747103.39441 1087231.11241 1.9 

IO-2 7/16/2015 09:14:29am 31177 14.5 24.4 747479.37354 1087225.08639 3.0 

IO-7 7/16/2015 09:20:02am 31177 18.6 30.4 747299.73252 1087225.94162 2.8 

IO-8 7/16/2015 09:22:11am 31177 34.1 52.2 747272.10875 1087226.08483 3.4 

IO-9 7/16/2015 09:24:50am 31177 46.7 69.1 747231.22700 1087222.09266 1.9 

IP-1 7/16/2015 08:57:47am 31177 118.8 158.7 747533.97235 1087275.63843 4.6 

IP-10 7/16/2015 08:28:46am 31177 63.8 91.2 747193.64516 1087261.85548 3.3 

IP-11 7/16/2015 08:26:49am 31177 46.2 68.4 747167.41222 1087265.06255 2.9 

IP-12 7/16/2015 08:20:36am 31177 68.0 96.5 747127.07585 1087261.87224 3.6 

IP-13 7/16/2015 08:18:36am 31177 19.5 31.7 747096.34016 1087264.46668 3.1 

IP-2 7/16/2015 08:50:49am 31177 44.1 65.6 747485.47932 1087276.79900 7.4 

IP-3 7/16/2015 08:49:19am 31177 59.6 85.8 747462.66576 1087255.77844 7.3 

IP-4 7/16/2015 08:42:54am 31177 24.5 38.8 747396.34918 1087264.78076 7.8 

IP-5 7/16/2015 08:40:44am 31177 25.6 40.4 747364.55228 1087271.09798 5.8 

IP-6 7/16/2015 08:38:24am 31177 26.5 41.7 747324.29113 1087260.05185 4.8 

IP-7 7/16/2015 08:36:24am 31177 34.5 52.7 747293.14728 1087271.64285 6.3 

IP-8 7/16/2015 08:33:04am 31177 29.6 46.1 747257.84886 1087262.55439 3.6 

IP-9 7/16/2015 08:31:01am 31177 22.6 36.2 747235.69101 1087266.75913 3.8 

IQ-1 7/15/2015 05:15:56pm 31177 27.4 42.9 747492.79185 1087304.13340 3.0 

IQ-10 7/15/2015 05:44:51pm 31177 43.3 64.5 747188.42887 1087298.47674 3.9 

IQ-11 7/15/2015 05:48:11pm 31177 63.2 90.5 747150.02986 1087303.49923 2.9 

IQ-12 7/15/2015 05:50:15pm 31177 59.1 85.3 747115.18701 1087298.91441 3.2 

IQ-13 7/15/2015 05:52:36pm 31177 64.8 92.5 747091.34427 1087305.54535 3.3 

IQ-2 7/15/2015 05:17:43pm 31177 28.8 44.9 747452.37331 1087301.38421 3.4 

IQ-3 7/15/2015 05:19:55pm 31177 11.2 19.4 747427.75095 1087302.68391 3.9 

IQ-4 7/15/2015 05:27:13pm 31177 23.6 37.6 747376.36389 1087298.69515 3.4 

IQ-5 7/15/2015 05:30:25pm 31177 13.9 23.4 747344.60754 1087303.05089 3.1 

IQ-6 7/15/2015 05:32:29pm 31177 28.1 43.9 747320.33799 1087301.80348 4.7 

IQ-7 7/15/2015 05:34:22pm 31177 32.4 49.9 747297.22136 1087291.64815 3.3 

IQ-8 7/15/2015 05:37:39pm 31177 41.2 61.8 747258.45767 1087298.26440 2.8 

IQ-9 7/15/2015 05:39:40pm 31177 38.6 58.3 747226.96115 1087299.66896 2.9 

IR-1 7/15/2015 05:13:40pm 31177 50.7 74.4 747489.40961 1087334.54989 3.5 

IR-10 7/15/2015 04:43:32pm 31177 38.8 58.6 747187.30941 1087333.27304 1.5 

IR-11 7/15/2015 04:41:28pm 31177 24.4 38.8 747161.07425 1087316.71524 1.9 

IR-12 7/15/2015 04:37:54pm 31177 62.0 88.9 747131.36089 1087323.16554 1.6 

IR-13 7/15/2015 04:30:24pm 31177 252.7 311.0 747096.88315 1087336.84912 1.7 



Table C - Bluff I XRF Field Measurements Sampling Information (Continued) 
 

 TETRA TECH 4 

Sample 
ID 

Sample 
Date 

Sample 
Time 

XRF 
Serial 

Number 

In Situ XRF 
Measurement 

(ppm) 

Converted 
Total 

Arsenic 
(mg/kg) 

Northing 
(Feet) 

Easting (feet) 
Horizontal 
Precision 

(feet) 

IR-2 7/15/2015 05:11:31pm 31177 25.4 40.1 747454.45579 1087333.50785 4.0 

IR-3 7/15/2015 05:09:41pm 31177 31.9 49.2 747424.38545 1087340.32200 3.7 

IR-4 7/15/2015 05:04:53pm 31177 14.6 24.5 747390.94706 1087333.71407 3.4 

IR-5 7/15/2015 05:02:26pm 31177 27.7 43.3 747367.35513 1087325.39976 3.2 

IR-6 7/15/2015 04:58:37pm 31177 26.2 41.3 747332.39972 1087324.25050 3.2 

IR-7 7/15/2015 04:56:35pm 31177 24.1 38.3 747304.89074 1087326.35704 3.0 

IR-8 7/15/2015 04:54:35pm 31177 27.5 43.0 747258.68587 1087317.10372 3.0 

IR-9 7/15/2015 04:45:08pm 31177 29.9 46.5 747225.11554 1087324.00593 1.8 

IS-1 7/15/2015 03:50:26pm 31177 28.7 44.7 747493.34576 1087358.93974 5.3 

IS-10 7/15/2015 04:16:41pm 31177 20.4 33.0 747178.76971 1087364.63965 1.8 

IS-11 7/15/2015 04:18:58pm 31177 42.9 64.0 747159.82377 1087351.04631 1.7 

IS-12 7/15/2015 04:21:42pm 31177 709.4 780.1 747113.21527 1087366.02747 1.8 

IS-13 7/15/2015 04:25:54pm 31177 20.1 32.6 747090.88437 1087356.32005 1.6 

IS-2 7/15/2015 03:52:52pm 31177 58.8 84.8 747454.51539 1087351.13634 6.8 

IS-3 7/15/2015 03:55:20pm 31177 39.7 59.8 747409.18462 1087359.42367 8.1 

IS-4 7/15/2015 03:59:04pm 31177 22.5 36.0 747382.49004 1087351.32994 6.1 

IS-5 7/15/2015 04:00:30pm 31177 56.1 81.3 747346.06471 1087344.69360 3.9 

IS-6 7/15/2015 04:03:16pm 31177 38.2 57.8 747326.02302 1087344.31232 4.9 

IS-7 7/15/2015 04:09:33pm 31177 47.3 69.8 747296.08683 1087351.80297 2.2 

IS-8 7/15/2015 04:11:56pm 31177 28.8 44.9 747253.61907 1087358.78436 1.9 

IS-9 7/15/2015 04:14:10pm 31177 60.5 87.0 747220.00410 1087361.82185 1.7 

ISS-1 7/15/2015 04:24:22pm 31177 29.4 45.8 747118.39069 1087381.09074 2.0 

ISS-10 7/16/2015 01:39:14pm 31177 65.7 93.6 747183.44789 1086944.99921 2.4 

ISS-11 7/16/2015 02:59:30pm 31177 224.2 279.5 747242.50997 1086877.70660 7.8 

ISS-2 7/15/2015 04:33:37pm 31177 11.6 20.0 747063.13453 1087341.06730 2.1 

ISS-3 7/15/2015 04:34:39pm 31177 11.0 19.0 747055.73083 1087343.47860 1.8 

ISS-4 7/15/2015 05:59:03pm 31177 216.6 271.1 747106.96396 1087291.01268 3.3 

ISS-5 7/15/2015 06:00:39pm 31177 7.0 12.7 747089.71945 1087302.58124 3.0 

ISS-5A 7/16/2015 09:00:03am 31177 84.3 116.9 747564.11627 1087295.49946 3.8 

ISS-6 7/16/2015 09:03:55am 31177 17.9 29.4 747559.26346 1087250.16596 4.0 

ISS-7 7/16/2015 09:06:52am 31177 54.8 79.7 747516.37827 1087255.43609 3.1 

ISS-8 7/16/2015 09:44:05am 31177 61.2 87.9 747129.08525 1087238.64938 1.7 

ISS-9 7/16/2015 09:58:04am 31177 132.8 175.3 747181.96621 1087233.61169 1.4 

IT-1 7/15/2015 03:48:01pm 31177 28.7 44.7 747478.74267 1087384.11970 4.1 

IT-10 7/15/2015 03:26:01pm 31177 18.3 30.0 747199.01236 1087390.29706 5.7 

IT-11 7/15/2015 03:24:07pm 31177 23.6 37.5 747162.98186 1087391.19417 3.8 

IT-12 7/15/2015 03:22:23pm 31177 21.6 34.8 747141.00637 1087396.08831 4.9 

IT-13 7/15/2015 03:20:51pm 31177 21.1 34.0 747112.77552 1087405.85825 6.4 

IT-2 7/15/2015 03:46:02pm 31177 52.3 76.4 747463.32315 1087401.60270 2.0 

IT-3 7/15/2015 03:43:09pm 31177 56.2 81.4 747424.83881 1087390.10361 4.3 

IT-4 7/15/2015 03:40:40pm 31177 26.8 42.1 747400.25730 1087385.34455 4.2 

IT-5 7/15/2015 03:38:02pm 31177 15.4 25.7 747356.02731 1087406.61612 4.7 

IT-6 7/15/2015 03:35:05pm 31177 35.3 53.9 747333.06635 1087393.52750 5.7 

IT-7 7/15/2015 03:32:37pm 31177 13.4 22.7 747300.15066 1087385.50880 6.1 

IT-8 7/15/2015 03:30:10pm 31177 30.4 47.1 747268.14376 1087383.98782 6.3 

IT-9 7/15/2015 03:28:00pm 31177 22.7 36.3 747232.23197 1087388.19019 5.5 

IU-10 7/15/2015 02:43:55pm 31177 24.9 39.5 747179.09764 1087429.59204 2.5 

IU-11 7/15/2015 02:46:11pm 31177 24.0 38.2 747146.73026 1087431.55930 1.8 

IU-12 7/15/2015 02:47:51pm 31177 20.1 32.5 747110.54378 1087425.09690 1.6 



Table C - Bluff I XRF Field Measurements Sampling Information (Continued) 
 

 TETRA TECH 5 

Sample 
ID 

Sample 
Date 

Sample 
Time 

XRF 
Serial 

Number 

In Situ XRF 
Measurement 

(ppm) 

Converted 
Total 

Arsenic 
(mg/kg) 

Northing 
(Feet) 

Easting (feet) 
Horizontal 
Precision 

(feet) 

IU-13 7/15/2015 02:50:08pm 31177 18.6 30.4 747076.64997 1087443.13884 1.7 

IU-3 7/15/2015 02:26:14pm 31177 24.7 39.1 747427.38187 1087420.72494 4.1 

IU-4 7/15/2015 02:28:17pm 31177 22.9 36.6 747387.74203 1087432.64620 9.5 

IU-5 7/15/2015 02:30:43pm 31177 20.1 32.6 747336.04275 1087430.52260 8.8 

IU-6 7/15/2015 02:33:18pm 31177 22.1 35.4 747317.60172 1087435.68274 6.9 

IU-7 7/15/2015 02:36:04pm 31177 17.5 28.9 747298.64407 1087417.78533 8.4 

IU-8 7/15/2015 02:38:06pm 31177 13.7 23.2 747255.38293 1087429.77852 6.5 

IU-9 7/15/2015 02:40:23pm 31177 17.6 28.9 747212.44385 1087428.76087 5.6 

IV-10 7/15/2015 01:53:10pm 31177 13.0 22.0 747201.42858 1087463.31973 2.5 

IV-11 7/15/2015 01:49:53pm 31177 19.8 32.2 747160.92813 1087446.56497 4.7 

IV-12 7/15/2015 01:47:32pm 31177 22.3 35.7 747129.71204 1087460.53011 6.6 

IV-13 7/15/2015 01:45:09pm 31177 22.7 36.3 747086.07732 1087469.39886 4.1 

IV-6 7/15/2015 02:23:32pm 31177 25.2 39.9 747301.18857 1087455.46828 2.7 

IV-7 7/15/2015 02:19:58pm 31177 12.2 21.0 747290.27631 1087445.07418 1.9 

IV-8 7/15/2015 02:16:20pm 31177 11.8 20.3 747251.41809 1087448.86109 2.4 

IV-9 7/15/2015 02:03:23pm 31177 23.6 37.6 747228.53894 1087452.73902 2.7 

IW-10 7/15/2015 01:35:48pm 31177 22.0 35.3 747182.61695 1087490.19776 5.7 

IW-11 7/15/2015 01:38:27pm 31177 24.2 38.4 747112.81223 1087480.95292 4.4 

IW-12 7/15/2015 01:40:36pm 31177 25.4 40.1 747088.35280 1087488.01470 2.4 

IW-13 7/15/2015 01:42:45pm 31177 19.8 32.2 747062.87142 1087500.82052 3.4 

IW-7 7/15/2015 01:26:43pm 31177 17.7 29.1 747292.75583 1087484.82051 5.8 

IW-8 7/15/2015 01:29:34pm 31177 17.9 29.3 747253.91903 1087502.30734 8.2 

IW-9 7/15/2015 01:32:43pm 31177 20.3 32.9 747232.23168 1087489.26773 6.4 

IX-10 7/15/2015 01:19:58pm 31177 19.3 31.4 747197.77707 1087522.55347 4.8 

IX-11 7/15/2015 01:17:42pm 31177 12.4 21.1 747161.50437 1087519.54018 5.4 

IX-12 7/15/2015 01:15:21pm 31177 22.3 35.7 747138.58640 1087521.35124 4.4 

IX-13 7/15/2015 01:10:28pm 31177 32.0 49.4 747104.25148 1087540.11780 5.6 

IX-14 7/15/2015 01:08:28pm 31177 18.7 30.5 747053.04514 1087528.22151 6.5 

IX-15 7/15/2015 01:06:29pm 31177 23.6 37.6 747032.54972 1087538.52024 7.1 

IX-16 7/15/2015 01:03:52pm 31177 18.3 30.0 746997.25573 1087537.93033 5.2 

IX-9 7/15/2015 01:23:03pm 31177 13.8 23.4 747224.62309 1087531.32768 2.9 

IY-11 7/15/2015 12:02:41pm 31177 21.6 34.8 747187.35720 1087568.89060 5.8 

IY-12 7/15/2015 12:06:42pm 31177 25.9 40.8 747133.49946 1087541.39366 5.4 

IY-13 7/15/2015 12:09:55pm 31177 20.1 32.6 747100.61957 1087558.75070 5.0 

IY-14 7/15/2015 12:12:52pm 31177 28.1 44.0 747061.04160 1087555.96837 3.2 

IY-15 7/15/2015 12:15:07pm 31177 19.2 31.3 747018.08988 1087550.66515 4.7 

IY-16 7/15/2015 12:17:01pm 31177 16.7 27.6 747002.82719 1087553.71706 3.3 

IY-17 7/15/2015 12:19:08pm 31177 23.6 37.7 746969.61203 1087565.48151 1.9 

IZ-12 7/15/2015 11:59:19am 31177 29.8 46.3 747147.65626 1087592.68795 4.8 

IZ-13 7/15/2015 11:56:55am 31177 14.6 24.5 747110.73181 1087596.33052 3.3 

IZ-14 7/15/2015 11:52:34am 31177 26.2 41.3 747070.83227 1087592.40318 2.5 

IZ-15 7/15/2015 11:49:54am 31177 24.8 39.3 747039.46322 1087592.85460 3.9 

IZ-16 7/15/2015 11:47:38am 31177 18.6 30.3 746996.41197 1087591.79733 6.0 

IZ-17 7/15/2015 11:45:33am 31177 19.1 31.1 746960.09884 1087587.13592 5.3 

IZ-18 7/15/2015 11:43:28am 31177 34.5 52.7 746933.37917 1087587.65982 3.5 
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ATTACHMENT C 

FINAL LABORATORY REPORT 



1507480

Aaron Orechwa

Tuesday, August 04, 2015

Ft. Collins,  Colorado

Tetra Tech MM, Inc.

3801 Automation Way, Suite 100

Fort Collins, CO  80525

ALS Workorder:Re:

Riley PassProject Name:

114-560486AProject Number:

LIMS Version:  6.777

Seven soil samples were received from Tetra Tech MM, Inc., on 7/21/2015.  The samples were scheduled for the 

following analysis:

Dear Mr. Orechwa:

Page 1 of 1

Metals

The results for these analyses are contained in the enclosed reports.

Thank you for your confidence in ALS Environmental.  Should you have any questions, please call.

Sincerely,

ALS Environmental

Amy R. Wolf

Project Manager

The data contained in the following report have been reviewed and approved by the personnel listed below.  In 
addition, ALS certifies that the analyses reported herein are true, complete and correct within the limits of the 

methods employed.

ADDRESS 225 Commerce Drive, Fort Collins, Colorado, USA 80524  | PHONE +1 970 490 1511 | FAX +1 970 490 1522

ALS GROUP USA, CORP.  Part of the ALS Laboratory Group  An ALS Limited Company
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ALS Environmental – Fort Collins is accredited by the following accreditation bodies for 
various testing scopes in accordance with requirements of each accreditation body. All 
testing is performed under the laboratory management system, which is maintained to 
meet these requirement and regulations. Please contact the laboratory or accreditation 
body for the current scope testing parameters. 
 
 

ALS Environmental – Fort Collins 

Accreditation Body License  or Certification Number 
Alaska (AK) UST-086 
Alaska (AK) CO01099 
Arizona (AZ) AZ0742 
California (CA) 06251CA 
Colorado (CO) CO01099 
Connecticut (CT) PH-0232 
Florida (FL) E87914 
Idaho (ID) CO01099 
Kansas (KS) E-10381 
Kentucky (KY) 90137 
L-A-B (DoD ELAP/ISO 170250) L2257 
Louisiana (LA) 05057 
Maryland (MD) 285 
Missouri (MO) 175 
Nebraska(NE) NE-OS-24-13 
Nevada (NV) CO000782008A 
New York (NY) 12036 
North Dakota (ND) R-057 
Oklahoma (OK) 1301 
Pennsylvania (PA) 68-03116 
Tennessee (TN) 2976 
Texas (TX) T104704241 
Utah (UT) CO01099 
Washington (WA) C1280 
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ADDRESS 225 Commerce Drive, Fort Collins Colorado 80524 USA   PHONE +1 970 490 1511   FAX +1 970 490 1522 
ALS GROUP USA, CORP.  Part of the ALS Group    An ALS Limited Company 

 
 
1507480 
 
Metals: 
The samples were analyzed following SW-846, 3rd Edition procedures.  Analysis by ICPMS followed 
method 6020A and the current revision of SOP 827.   
 
All acceptance criteria were met. 
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OrderNum: 1507480

Client Name: Tetra Tech MM, Inc.

Client Project Name: Riley Pass

Client Project Number: 114-560486A

Client PO Number:

Lab Sample 

Number

Client Sample 

Number

Matrix Date 

Collected

Time 

Collected

COC Number

Sample Number(s) Cross-Reference Table

ALS Environmental -- FC

1507480-1XRF-FP8-01 SOIL 13-Jul-15 11:43

1507480-10XRF-FF8-01 SOIL 14-Jul-15 11:00

1507480-15XRF-GM4-01 SOIL 14-Jul-15 16:32

1507480-21XRF-IAA16-01 SOIL 15-Jul-15 12:38

1507480-22XRF-FJ3-01 SOIL 13-Jul-15 19:18

1507480-23XRF-FI10-01 SOIL 13-Jul-15 19:38

1507480-24XRF-GI1-01 SOIL 14-Jul-15 19:28

Page 1 of 1 Tuesday, August 04, 2015Date Printed:

LIMS Version:  6.777

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-FP8-01

Collection Date: 7/13/2015 11:43
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507480

Dilution 
Factor

Lab ID: 1507480-1

ALS Environmental -- FC
Date: 04-Aug-15

SAMPLE SUMMARY REPORT

Percent Moisture: 25.5

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/29/2015

ARSENIC 7/30/2015 17:520.26 MG/KG 1077 0.042

AR Page 1 of  8LIMS Version:  6.777

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-FF8-01

Collection Date: 7/14/2015 11:00
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507480

Dilution 
Factor

Lab ID: 1507480-10

ALS Environmental -- FC
Date: 04-Aug-15

SAMPLE SUMMARY REPORT

Percent Moisture: 8.6

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/29/2015

ARSENIC 7/30/2015 17:550.21 MG/KG 1071 0.035

AR Page 2 of  8LIMS Version:  6.777

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-GM4-01

Collection Date: 7/14/2015 16:32
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507480

Dilution 
Factor

Lab ID: 1507480-15

ALS Environmental -- FC
Date: 04-Aug-15

SAMPLE SUMMARY REPORT

Percent Moisture: 18.4

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/29/2015

ARSENIC 7/30/2015 17:590.23 MG/KG 10550 0.037

AR Page 3 of  8LIMS Version:  6.777

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-IAA16-01

Collection Date: 7/15/2015 12:38
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507480

Dilution 
Factor

Lab ID: 1507480-21

ALS Environmental -- FC
Date: 04-Aug-15

SAMPLE SUMMARY REPORT

Percent Moisture: 1.3

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/29/2015

ARSENIC 7/30/2015 18:020.18 MG/KG 1017 0.03

AR Page 4 of  8LIMS Version:  6.777

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-FJ3-01

Collection Date: 7/13/2015 19:18
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507480

Dilution 
Factor

Lab ID: 1507480-22

ALS Environmental -- FC
Date: 04-Aug-15

SAMPLE SUMMARY REPORT

Percent Moisture: 15.0

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 8/3/2015

ARSENIC 8/4/2015 13:260.23 MG/KG 10190 0.037

AR Page 5 of  8LIMS Version:  6.777

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-FI10-01

Collection Date: 7/13/2015 19:38
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507480

Dilution 
Factor

Lab ID: 1507480-23

ALS Environmental -- FC
Date: 04-Aug-15

SAMPLE SUMMARY REPORT

Percent Moisture: 5.2

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 8/3/2015

ARSENIC 8/4/2015 13:300.19 MG/KG 10130 0.032

AR Page 6 of  8LIMS Version:  6.777

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-GI1-01

Collection Date: 7/14/2015 19:28
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507480

Dilution 
Factor

Lab ID: 1507480-24

ALS Environmental -- FC
Date: 04-Aug-15

SAMPLE SUMMARY REPORT

Percent Moisture: 9.1

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 8/3/2015

ARSENIC 8/4/2015 13:490.2 MG/KG 10180 0.033

AR Page 7 of  8LIMS Version:  6.777

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-GI1-01

Collection Date: 7/14/2015 19:28
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507480

Dilution 
Factor

Lab ID: 1507480-24

ALS Environmental -- FC
Date: 04-Aug-15

SAMPLE SUMMARY REPORT

Percent Moisture: 9.1

MDL

Legal Location:

Explanation of Qualifiers

Radiochemistry:

U or ND - Result is less than the sample specific MDC.

Y2 - Chemical Yield outside default limits.

Y1 - Chemical Yield is in control at 100-110%.  Quantitative yield is assumed.

W - DER is greater than Warning Limit of 1.42

* - Aliquot Basis is 'As Received' while the Report Basis is 'Dry Weight'.

# - Aliquot Basis is 'Dry Weight' while the Report Basis is 'As Received'.

G - Sample density differs by more than 15% of LCS density.

M - Requested MDC not met.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS, Matrix Spike Recovery within control limits.

N - Matrix Spike Recovery outside control limits

NC - Not Calculated for duplicate results less than 5 times MDC

B3 - Analyte concentration greater than MDC but less than Requested 

MDC.

B - Analyte concentration greater than MDC.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

D - DER is greater than Control Limit

Inorganics:

B - Result is less than the requested reporting limit but greater than the instrument method detection limit (MDL).

E - The reported value is estimated because of the presence of interference.  An explanatory note may be included in the narrative.

U or ND - Indicates that the compound was analyzed for but not detected.

M  -  Duplicate injection precision was not met.

N - Spiked sample recovery not within control limits.  A post spike is analyzed for all ICP analyses when the matrix spike and or spike 
duplicate fail and the native sample concentration is less than four times the spike added concentration.

Z - Spiked recovery not within control limits. An explanatory note may be included in the narrative.

* - Duplicate analysis (relative percent difference) not within control limits.

Organics:

U or ND - Indicates that the compound was analyzed for but not detected.

E - Analyte concentration exceeds the upper level of the calibration range.

B - Analyte is detected in the associated method blank as well as in the sample.  It indicates probable blank contamination and warns the data user.  

J - Estimated value.  The result is less than the reporting limit but greater than the instrument method detection limit (MDL).

A - A tentatively identified compound is a suspected aldol-condensation product.

X - The analyte was diluted below an accurate quantitation level.

* - The spike recovery is equal to or outside the control criteria used.  

+ - The relative percent difference (RPD) equals or exceeds the control criteria.  

G - A pattern resembling gasoline was detected in this sample.

M - A pattern resembling motor oil was detected in this sample.

D - A pattern resembling diesel was detected in this sample.

C - A pattern resembling crude oil was detected in this sample.

4 - A pattern resembling JP-4 was detected in this sample.

5 - A pattern resembling JP-5 was detected in this sample.

H - Indicates that the fuel pattern was in the heavier end of the retention time window for the analyte of interest.

L - Indicates that the fuel pattern was in the lighter end of the retention time window for the analyte of interest.

Z - This flag indicates that a significant fraction of the reported result did not resemble the patterns of any of the following petroleum hydrocarbon products: 
- gasoline
- JP-8

- diesel
- mineral spirits
- motor oil

- Stoddard solvent
- bunker C

LT - Result is less than requested MDC but greater than achieved MDC.

S - SAR value is estimated as one or more analytes used in the calculation were not detected above the detection limit.

AR Page 8 of  8LIMS Version:  6.777

ALS Environmental -- FC
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ALS Environmental -- FC 8/4/2015 3:31:5Date:

Project: 114-560486A Riley Pass

Client: Tetra Tech MM, Inc.
Work Order: 1507480

QC BATCH REPORT

Batch ID: IP150729-1-3 Instrument ID: ICPMS2 Method: SW6020

Qual

Analysis Date: 7/30/2015 16:54

Prep Date: 7/29/2015

Analyte Result %REC

Units: MG/KG

ReportLimit

Client ID:

LCS

Run ID: IM150730-10A5

SPK Val

SPK Ref 
Value

Control 
Limit

DF: 10

Sample ID: IM150729-1

RPD 
Ref RPD

RPD 
Limit

Decision
 Level

10ARSENIC 99 80-120 200.29.88

Qual

Analysis Date: 7/30/2015 16:50

Prep Date: 7/29/2015

Analyte Result %REC

Units: MG/KG

ReportLimit

Client ID:

MB

Run ID: IM150730-10A5

SPK Val

SPK Ref 
Value

Control 
Limit

DF: 10

Sample ID: IP150729-1

RPD 
Ref RPD

RPD 
Limit

Decision
 Level

ARSENIC 0.2ND

The following samples were analyzed in this batch: 1507480-1 1507480-10 1507480-15

1507480-21

QC Page: 1 of  2

LIMS Version:  6.777

ALS Environmental -- FC
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Project: 114-560486A Riley Pass

Client: Tetra Tech MM, Inc.
Work Order: 1507480

QC BATCH REPORT

Batch ID: IP150803-1-3 Instrument ID: ICPMS2 Method: SW6020

Qual

Analysis Date: 8/4/2015 13:05

Prep Date: 8/3/2015

Analyte Result %REC

Units: MG/KG

ReportLimit

Client ID:

LCS

Run ID: IM150804-10A3

SPK Val

SPK Ref 
Value

Control 
Limit

DF: 10

Sample ID: IM150803-1

RPD 
Ref RPD

RPD 
Limit

Decision
 Level

10ARSENIC 102 80-120 200.210.2

Qual

Analysis Date: 8/4/2015 12:59

Prep Date: 8/3/2015

Analyte Result %REC

Units: MG/KG

ReportLimit

Client ID:

MB

Run ID: IM150804-10A3

SPK Val

SPK Ref 
Value

Control 
Limit

DF: 10

Sample ID: IP150803-1

RPD 
Ref RPD

RPD 
Limit

Decision
 Level

JARSENIC 0.20.14

The following samples were analyzed in this batch: 1507480-22 1507480-23 1507480-24

QC Page: 2 of  2

LIMS Version:  6.777

ALS Environmental -- FC
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1507352

Aaron Orechwa

Monday, July 27, 2015

Ft. Collins,  Colorado

Tetra Tech MM, Inc.

3801 Automation Way, Suite 100

Fort Collins, CO  80525

ALS Workorder:Re:

Riley PassProject Name:

114-560486AProject Number:

LIMS Version:  6.776

Thirty three soil samples were received from Tetra Tech MM, Inc., on 7/21/2015.  The samples were scheduled for 
the following analysis:

Dear Mr. Orechwa:

Page 1 of 1

Metals

The results for these analyses are contained in the enclosed reports.

Thank you for your confidence in ALS Environmental.  Should you have any questions, please call.

Sincerely,

ALS Environmental

Amy R. Wolf

Project Manager

The data contained in the following report have been reviewed and approved by the personnel listed below.  In 
addition, ALS certifies that the analyses reported herein are true, complete and correct within the limits of the 
methods employed.

ADDRESS 225 Commerce Drive, Fort Collins, Colorado, USA 80524  | PHONE +1 970 490 1511 | FAX +1 970 490 1522

ALS GROUP USA, CORP.  Part of the ALS Laboratory Group  An ALS Limited Company

1 of 46

amy.wolf
Amy



   

 

 
 
ALS Environmental – Fort Collins is accredited by the following accreditation bodies for 
various testing scopes in accordance with requirements of each accreditation body. All 
testing is performed under the laboratory management system, which is maintained to 
meet these requirement and regulations. Please contact the laboratory or accreditation 
body for the current scope testing parameters. 
 
 

ALS Environmental – Fort Collins 

Accreditation Body License  or Certification Number 
Alaska (AK) UST-086 
Alaska (AK) CO01099 
Arizona (AZ) AZ0742 
California (CA) 06251CA 
Colorado (CO) CO01099 
Connecticut (CT) PH-0232 
Florida (FL) E87914 
Idaho (ID) CO01099 
Kansas (KS) E-10381 
Kentucky (KY) 90137 
L-A-B (DoD ELAP/ISO 170250) L2257 
Maryland (MD) 285 
Missouri (MO) 175 
Nebraska(NE) NE-OS-24-13 
Nevada (NV) CO000782008A 
New York (NY) 12036 
North Dakota (ND) R-057 
Oklahoma (OK) 1301 
Pennsylvania (PA) 68-03116 
Tennessee (TN) 2976 
Texas (TX) T104704241 
Utah (UT) CO01099 
Washington (WA) C1280 
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ADDRESS 225 Commerce Drive, Fort Collins Colorado 80524 USA  ⎜ PHONE +1 970 490 1511  ⎜ FAX +1 970 490 1522 
ALS GROUP USA, CORP.  Part of the ALS Group    An ALS Limited Company 

 

 
 
1507352 
 
Metals: 
The samples were analyzed following SW-846, 3rd Edition procedures.  Analysis by ICPMS followed 
method 6020A and the current revision of SOP 827.   
 

 A matrix spike and matrix spike duplicate were digested and analyzed with each batch.  
All acceptance criteria for accuracy were met. with the following exception: 

Analyte Sample ID 
Arsenic 1507352-21MS 

The native sample result is flagged for matrix spike failure and an analytical post spike 
was performed.  The result of the spike was acceptable indicating that the matrix was 
not significantly affecting quantitation of this analyte.   

 Matrix spike recoveries could not be evaluated for the following analyte: 

Analyte Sample ID 
Arsenic 1507352-1 

The concentration of this analyte in the native sample was greater than four times the 
concentration of matrix spike added during the digestion.  When sample concentration is 
that much greater than the spike added, spike recoveries may not be accurate.  The 
laboratory control sample indicates that the digestion and analysis were in control. 

 A sample duplicate and matrix spike duplicate were digested and analyzed with each 
batch.  All acceptance criteria for precision were met with the following exception: 

Analyte Sample ID 
Arsenic 1507352-1D 
  

The native sample result is flagged for duplicate failure. 
 
All remaining acceptance criteria were met. 
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OrderNum: 1507352

Client Name: Tetra Tech MM, Inc.

Client Project Name: Riley Pass

Client Project Number: 114-560486A

Client PO Number:

Lab Sample 

Number

Client Sample 

Number

Matrix Date 

Collected

Time 

Collected

COC Number

Sample Number(s) Cross-Reference Table

ALS Environmental -- FC

1507352-1XRF-FP8-01 SOIL 13-Jul-15 11:43

1507352-2XRF-FN13-01 SOIL 13-Jul-15 14:40

1507352-3XRF-FL15-01 SOIL 13-Jul-15 16:12

1507352-4XRF-FK4-01 SOIL 13-Jul-15 17:27

1507352-5XRF-FK9-01 SOIL 13-Jul-15 17:43

1507352-6XRF-FJ3-01 SOIL 13-Jul-15 19:18

1507352-7XRF-FI10-01 SOIL 13-Jul-15 19:38

1507352-8XRF-FI10-02 SOIL 13-Jul-15 19:38

1507352-9XRF-GI6-01 SOIL 14-Jul-15 20:00

1507352-10XRF-FF8-01 SOIL 14-Jul-15 11:00

1507352-11XRF-FC8-01 SOIL 14-Jul-15 12:29

1507352-12XRF-GA11-01 SOIL 14-Jul-15 14:46

1507352-13XRF-GR10-01 SOIL 14-Jul-15 16:05

1507352-14XRF-GC9-01 SOIL 14-Jul-15 16:07

1507352-15XRF-GM4-01 SOIL 14-Jul-15 16:32

1507352-16XRF-GD3-01 SOIL 14-Jul-15 16:55

1507352-17XRF-GM1-01 SOIL 14-Jul-15 17:15

1507352-18XRF-GO14-01 SOIL 14-Jul-15 18:10

1507352-19XRF-GI1-01 SOIL 14-Jul-15 19:28

1507352-20XRF-GE6-01 SOIL 14-Jul-15 19:30

1507352-21XRF-IAA16-01 SOIL 15-Jul-15 12:38

1507352-22XRF-IX13-01 SOIL 15-Jul-15 14:17

1507352-23XRF-IV9-01 SOIL 15-Jul-15 15:07

1507352-24XRF-IV9-02 SOIL 15-Jul-15 15:07

1507352-25XRF-IS6-01 SOIL 15-Jul-15 17:07

1507352-26XRF-IR4-01 SOIL 15-Jul-15 18:10

1507352-27XRF-IQ9-01 SOIL 15-Jul-15 18:45

1507352-28XRF-IP2-01 SOIL 16-Jul-15 9:55

1507352-29XRF-IO12-01 SOIL 16-Jul-15 10:37

1507352-30XRF-IH10-01 SOIL 16-Jul-15 13:45

Page 1 of 2 Monday, July 27, 2015Date Printed:

LIMS Version:  6.776

ALS Environmental -- FC
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OrderNum: 1507352

Client Name: Tetra Tech MM, Inc.

Client Project Name: Riley Pass

Client Project Number: 114-560486A

Client PO Number:

Lab Sample 

Number

Client Sample 

Number

Matrix Date 

Collected

Time 

Collected

COC Number

Sample Number(s) Cross-Reference Table

ALS Environmental -- FC

1507352-31XRF-IG6-01 SOIL 16-Jul-15 14:21

1507352-32XRF-IF8-01 SOIL 16-Jul-15 14:55

1507352-33XRF-IE12-01 SOIL 16-Jul-15 16:08

Page 2 of 2 Monday, July 27, 2015Date Printed:

LIMS Version:  6.776

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-FP8-01

Collection Date: 7/13/2015 11:43
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-1

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 25.5

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC * 7/23/2015 23:120.25 MG/KG 10100 0.041

AR Page 1 of  34LIMS Version:  6.776

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-FN13-01

Collection Date: 7/13/2015 14:40
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-2

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 5.8

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/23/2015 23:330.2 MG/KG 10200 0.033

AR Page 2 of  34LIMS Version:  6.776

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-FL15-01

Collection Date: 7/13/2015 16:12
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-3

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 10.9

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/23/2015 23:540.21 MG/KG 1062 0.035

AR Page 3 of  34LIMS Version:  6.776

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-FK4-01

Collection Date: 7/13/2015 17:27
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-4

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 11.6

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/23/2015 23:570.22 MG/KG 10230 0.036

AR Page 4 of  34LIMS Version:  6.776

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-FK9-01

Collection Date: 7/13/2015 17:43
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-5

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 15.2

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 00:010.23 MG/KG 1066 0.037

AR Page 5 of  34LIMS Version:  6.776

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-FJ3-01

Collection Date: 7/13/2015 19:18
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-6

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 15.1

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 00:040.22 MG/KG 10180 0.036

AR Page 6 of  34LIMS Version:  6.776

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-FI10-01

Collection Date: 7/13/2015 19:38
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-7

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 5.2

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 00:080.2 MG/KG 10160 0.033

AR Page 7 of  34LIMS Version:  6.776

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-FI10-02

Collection Date: 7/13/2015 19:38
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-8

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 5.2

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 00:110.2 MG/KG 10150 0.033

AR Page 8 of  34LIMS Version:  6.776

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-GI6-01

Collection Date: 7/14/2015 20:00
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-9

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 6.4

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 14:242.1 MG/KG 1001200 0.34

AR Page 9 of  34LIMS Version:  6.776

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-FF8-01

Collection Date: 7/14/2015 11:00
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-10

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 8.5

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 00:180.21 MG/KG 10140 0.034
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Project: 114-560486A Riley Pass
Sample ID: XRF-FC8-01

Collection Date: 7/14/2015 12:29
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-11

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 4.7

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 00:220.2 MG/KG 10150 0.032

AR Page 11 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-GA11-01

Collection Date: 7/14/2015 14:46
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-12

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 0.9

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 00:420.2 MG/KG 1082 0.032

AR Page 12 of  34LIMS Version:  6.776

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-GR10-01

Collection Date: 7/14/2015 16:05
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-13

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 3.0

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 00:460.19 MG/KG 10300 0.031

AR Page 13 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-GC9-01

Collection Date: 7/14/2015 16:07
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-14

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 4.0

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 00:490.2 MG/KG 10180 0.033

AR Page 14 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-GM4-01

Collection Date: 7/14/2015 16:32
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-15

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 18.3

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 00:530.24 MG/KG 10600 0.039

AR Page 15 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-GD3-01

Collection Date: 7/14/2015 16:55
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-16

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 3.3

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 00:560.19 MG/KG 10240 0.032

AR Page 16 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-GM1-01

Collection Date: 7/14/2015 17:15
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-17

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 10.7

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 01:000.21 MG/KG 1062 0.035

AR Page 17 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-GO14-01

Collection Date: 7/14/2015 18:10
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-18

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 2.7

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 01:030.2 MG/KG 10150 0.032

AR Page 18 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-GI1-01

Collection Date: 7/14/2015 19:28
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-19

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 9.2

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 01:070.21 MG/KG 10210 0.035

AR Page 19 of  34LIMS Version:  6.776

ALS Environmental -- FC
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Project: 114-560486A Riley Pass
Sample ID: XRF-GE6-01

Collection Date: 7/14/2015 19:30
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-20

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 6.0

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 01:100.2 MG/KG 10140 0.033

AR Page 20 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-IAA16-01

Collection Date: 7/15/2015 12:38
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-21

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 1.3

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC N 7/24/2015 01:380.2 MG/KG 1017 0.032

AR Page 21 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-IX13-01

Collection Date: 7/15/2015 14:17
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-22

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 6.0

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 01:590.2 MG/KG 1041 0.032

AR Page 22 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-IV9-01

Collection Date: 7/15/2015 15:07
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-23

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 1.8

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 02:200.19 MG/KG 1023 0.031

AR Page 23 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-IV9-02

Collection Date: 7/15/2015 15:07
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-24

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 1.6

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 02:230.2 MG/KG 1022 0.032

AR Page 24 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-IS6-01

Collection Date: 7/15/2015 17:07
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-25

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 2.5

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 02:270.19 MG/KG 1045 0.031

AR Page 25 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-IR4-01

Collection Date: 7/15/2015 18:10
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-26

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 0.8

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 02:300.2 MG/KG 1013 0.032

AR Page 26 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-IQ9-01

Collection Date: 7/15/2015 18:45
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-27

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 4.1

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 02:340.19 MG/KG 1043 0.031

AR Page 27 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-IP2-01

Collection Date: 7/16/2015 09:55
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-28

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 2.8

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 02:370.2 MG/KG 1053 0.032

AR Page 28 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-IO12-01

Collection Date: 7/16/2015 10:37
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-29

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 14.8

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 02:410.22 MG/KG 10150 0.036

AR Page 29 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-IH10-01

Collection Date: 7/16/2015 13:45
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-30

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 2.2

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 02:440.2 MG/KG 1040 0.032

AR Page 30 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-IG6-01

Collection Date: 7/16/2015 14:21
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-31

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 2.5

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 02:480.19 MG/KG 1092 0.032

AR Page 31 of  34LIMS Version:  6.776
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Project: 114-560486A Riley Pass
Sample ID: XRF-IF8-01

Collection Date: 7/16/2015 14:55
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-32

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 2.9

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 03:090.19 MG/KG 10410 0.032
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Project: 114-560486A Riley Pass
Sample ID: XRF-IE12-01

Collection Date: 7/16/2015 16:08
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-33

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 5.6

MDL

Legal Location:

ICPMS METALS SW6020 PrepBy: CDRPrep Date: 7/22/2015

ARSENIC 7/24/2015 03:120.2 MG/KG 1051 0.032
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Project: 114-560486A Riley Pass
Sample ID: XRF-IE12-01

Collection Date: 7/16/2015 16:08
Matrix: SOIL

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Tetra Tech MM, Inc.
Work Order: 1507352

Dilution 
Factor

Lab ID: 1507352-33

ALS Environmental -- FC
Date: 27-Jul-15

SAMPLE SUMMARY REPORT

Percent Moisture: 5.6

MDL

Legal Location:

Explanation of Qualifiers

Radiochemistry:

U or ND - Result is less than the sample specific MDC.

Y2 - Chemical Yield outside default limits.

Y1 - Chemical Yield is in control at 100-110%.  Quantitative yield is assumed.

W - DER is greater than Warning Limit of 1.42

* - Aliquot Basis is 'As Received' while the Report Basis is 'Dry Weight'.

# - Aliquot Basis is 'Dry Weight' while the Report Basis is 'As Received'.

G - Sample density differs by more than 15% of LCS density.

M - Requested MDC not met.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS, Matrix Spike Recovery within control limits.

N - Matrix Spike Recovery outside control limits

NC - Not Calculated for duplicate results less than 5 times MDC

B3 - Analyte concentration greater than MDC but less than Requested 
MDC.

B - Analyte concentration greater than MDC.

M3 - The requested MDC was not met, but the reported

         activity is greater than the reported MDC.

D - DER is greater than Control Limit

Inorganics:

B - Result is less than the requested reporting limit but greater than the instrument method detection limit (MDL).

E - The reported value is estimated because of the presence of interference.  An explanatory note may be included in the narrative.

U or ND - Indicates that the compound was analyzed for but not detected.

M  -  Duplicate injection precision was not met.

N - Spiked sample recovery not within control limits.  A post spike is analyzed for all ICP analyses when the matrix spike and or spike 
duplicate fail and the native sample concentration is less than four times the spike added concentration.

Z - Spiked recovery not within control limits. An explanatory note may be included in the narrative.

* - Duplicate analysis (relative percent difference) not within control limits.

Organics:

U or ND - Indicates that the compound was analyzed for but not detected.

E - Analyte concentration exceeds the upper level of the calibration range.

B - Analyte is detected in the associated method blank as well as in the sample.  It indicates probable blank contamination and warns the data user.  

J - Estimated value.  The result is less than the reporting limit but greater than the instrument method detection limit (MDL).

A - A tentatively identified compound is a suspected aldol-condensation product.

X - The analyte was diluted below an accurate quantitation level.

* - The spike recovery is equal to or outside the control criteria used.  

+ - The relative percent difference (RPD) equals or exceeds the control criteria.  

G - A pattern resembling gasoline was detected in this sample.

M - A pattern resembling motor oil was detected in this sample.

D - A pattern resembling diesel was detected in this sample.

C - A pattern resembling crude oil was detected in this sample.

4 - A pattern resembling JP-4 was detected in this sample.

5 - A pattern resembling JP-5 was detected in this sample.

H - Indicates that the fuel pattern was in the heavier end of the retention time window for the analyte of interest.

L - Indicates that the fuel pattern was in the lighter end of the retention time window for the analyte of interest.

Z - This flag indicates that a significant fraction of the reported result did not resemble the patterns of any of the following petroleum hydrocarbon products: 

- gasoline
- JP-8
- diesel
- mineral spirits

- motor oil
- Stoddard solvent
- bunker C

LT - Result is less than requested MDC but greater than achieved MDC.

S - SAR value is estimated as one or more analytes used in the calculation were not detected above the detection limit.
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ALS Environmental -- FC 7/27/2015 8:57:Date:

Project: 114-560486A Riley Pass

Client: Tetra Tech MM, Inc.
Work Order: 1507352

QC BATCH REPORT

Batch ID: IP150722-1-1 Instrument ID ICPMS2 Method: SW6020

Qual

Analysis Date: 7/23/2015 23:19

Prep Date: 7/22/2015

Analyte Result %REC

Units: MG/KG

ReportLimit

Client ID: XRF-FP8-01

DUP

Run ID: IM150723-11A6

SPK Val

SPK Ref 

Value

Control 

Limit

DF: 10

Sample ID: 1507352-1

RPD 

Ref RPD

RPD 

Limit
Decision

 Level

*100ARSENIC 200.249 2878

Qual

Analysis Date: 7/23/2015 23:08

Prep Date: 7/22/2015

Analyte Result %REC

Units: MG/KG

ReportLimit

Client ID:

LCS

Run ID: IM150723-11A6

SPK Val

SPK Ref 

Value

Control 

Limit

DF: 10

Sample ID: IP150722-1

RPD 

Ref RPD

RPD 

Limit
Decision

 Level

10ARSENIC 103 80-120 200.210.3

Qual

Analysis Date: 7/23/2015 23:05

Prep Date: 7/22/2015

Analyte Result %REC

Units: MG/KG

ReportLimit

Client ID:

MB

Run ID: IM150723-11A6

SPK Val

SPK Ref 

Value

Control 

Limit

DF: 10

Sample ID: IP150722-1

RPD 

Ref RPD

RPD 

Limit
Decision

 Level

ARSENIC 0.2ND

Qual

Analysis Date: 7/23/2015 23:22

Prep Date: 7/22/2015

Analyte Result %REC

Units: MG/KG

ReportLimit

Client ID: XRF-FP8-01

MS

Run ID: IM150723-11A6

SPK Val

SPK Ref 

Value

Control 

Limit

DF: 10

Sample ID: 1507352-1

RPD 

Ref RPD

RPD 

Limit
Decision

 Level

10012.5ARSENIC -128 75-125 200.2586.8

Qual

Analysis Date: 7/23/2015 23:26

Prep Date: 7/22/2015

Analyte Result %REC

Units: MG/KG

ReportLimit

Client ID: XRF-FP8-01

MSD

Run ID: IM150723-11A6

SPK Val

SPK Ref 

Value

Control 

Limit

DF: 10

Sample ID: 1507352-1

RPD 

Ref RPD

RPD 

Limit
Decision

 Level

86.810012.4ARSENIC -50 75-125 200.248 1196.7
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Project: 114-560486A Riley Pass

Client: Tetra Tech MM, Inc.
Work Order: 1507352

QC BATCH REPORT

Batch ID: IP150722-2-1 Instrument ID ICPMS2 Method: SW6020

Qual

Analysis Date: 7/24/2015 01:45

Prep Date: 7/22/2015

Analyte Result %REC

Units: MG/KG

ReportLimit

Client ID: XRF-IAA16-01

DUP

Run ID: IM150723-11A6

SPK Val

SPK Ref 

Value

Control 

Limit

DF: 10

Sample ID: 1507352-21

RPD 

Ref RPD

RPD 

Limit
Decision

 Level

17ARSENIC 200.195 515.7

Qual

Analysis Date: 7/24/2015 01:35

Prep Date: 7/22/2015

Analyte Result %REC

Units: MG/KG

ReportLimit

Client ID:

LCS

Run ID: IM150723-11A6

SPK Val

SPK Ref 

Value

Control 

Limit

DF: 10

Sample ID: IP150722-2

RPD 

Ref RPD

RPD 

Limit
Decision

 Level

10ARSENIC 103 80-120 200.210.3

Qual

Analysis Date: 7/24/2015 01:31

Prep Date: 7/22/2015

Analyte Result %REC

Units: MG/KG

ReportLimit

Client ID:

MB

Run ID: IM150723-11A6

SPK Val

SPK Ref 

Value

Control 

Limit

DF: 10

Sample ID: IP150722-2

RPD 

Ref RPD

RPD 

Limit
Decision

 Level

ARSENIC 0.2ND

Qual

Analysis Date: 7/24/2015 01:49

Prep Date: 7/22/2015

Analyte Result %REC

Units: MG/KG

ReportLimit

Client ID: XRF-IAA16-01

MS

Run ID: IM150723-11A6

SPK Val

SPK Ref 

Value

Control 

Limit

DF: 10

Sample ID: 1507352-21

RPD 

Ref RPD

RPD 

Limit
Decision

 Level

N179.77ARSENIC 130 75-125 200.19529.2

Qual

Analysis Date: 7/24/2015 01:52

Prep Date: 7/22/2015

Analyte Result %REC

Units: MG/KG

ReportLimit

Client ID: XRF-IAA16-01

MSD

Run ID: IM150723-11A6

SPK Val

SPK Ref 

Value

Control 

Limit

DF: 10

Sample ID: 1507352-21

RPD 

Ref RPD

RPD 

Limit
Decision

 Level

29.2179.79ARSENIC 93 75-125 200.196 1325.6

The following samples were analyzed in this batch: 1507352-1 1507352-2 1507352-3

1507352-4 1507352-5 1507352-6

1507352-7 1507352-8 1507352-10

1507352-11 1507352-12 1507352-13

1507352-14 1507352-15 1507352-16

1507352-17 1507352-18 1507352-19

1507352-20 1507352-21 1507352-22

1507352-23 1507352-24 1507352-25

1507352-26 1507352-27 1507352-28

1507352-29 1507352-30 1507352-31

1507352-32 1507352-33
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ATTACHMENT D 

SCANNED COPIES OF FIELD DATA SHEETS AND  

FIELD LOGBOOK 

































































































































































































ATTACHMENT E 

SCANNED COPIES OF CALIBRATION DOCUMENTATION 

FOR RADIATION INSTRUMENTS 
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